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Increasing demand and persistent 
drought have drawn down the 
reservoirs of the Coloradea River 
sem, d crilica: water source for 
even satesand part of Mexico 
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Water and the West: 
The Colorado River 


Gy Jum Carrier 
Photography by Jom Richardson 
introduction by Bruce Babbitt 


Nations freed from decades of 
COPLTILAS! Mile and wirestricted 
industnialization confront a 
narrowing lepacy: air, water, and 
lana deadened by pollutran 
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Fast Europe’s 
Dark Dawn 

By Jon Thampsan 

Photographs by James Nachtwey 


How does a-bird migrate to a des- 
RCO Mt has never seen, a talemon 
return ta ihe stream where if was 
spawned? Scientists search for the 
infernal compass and map that 
guide such long-distance journeys. 
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Secrets of 
Animal Navigation 


Hy Michael E. f One 
Photographs by James L. Amos 


Bend the cecebrited pen name 
Wa te wey Ghcford mathertatician 
Chartes Lutwidge Dodgsan, who 
Stepped through the loaking-plass 
With fis character Alice to create 
classic stories for children 


LOO 


The Won derland of 
Lewis Carroll 


By Cathy Newman 
Photographs by Sam Abell 


To the Sonoran Desert’y lesser 
long-nosed bats, cactus flowers and 
fruits are irresistibie, To the cactus, 
the Dats are irreplaceable —as polli- 
nators and seed dispersers 
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Bats— The Cactus 
Connection 


ext and photographs by 
Merlin OO. Turtle 





COVER: Carbon-blackened boys play near a factory in Copgsa Micd, Romania, in the heart oj 
polluted Eastern Eurape, Photoeraph by James Nachiwey 
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By BRUCE BABBITT 


ACH NIGHT as the sun goes dawn 
and the desert darkens, the 
neon lights of Las Vegas, Neva- 
da, flare into the sky, Beneath 
the lurid glow of giant casino 
signs, water splashes in Roman foun- 
tains, runs into acres of swimming pools, 
and overflows into street putters, 

Las Vegas, prodigal playground of the 
West, illustrates the conflict between 
man anc nature in the Colorado River 
basin, Within just ten years the metro- 
politan area could be using virtually 
every drop of Nevada's legal share of 
the Colorade River's flow. City leaders, 
expecting the population of 800,000 to 
double in the next 40 years, are searching 
far and wide for new water supplies. 

City water engineers are advocating a 
traditional solution: an engineering proj- 
ect to tap into the underground waters 
beneath remote valleys of eastern Neva- 
da. They propose a system of 145 huge 
wells spread across nearly 20 percent of 
the state and connected by a thousand 
miles of pipeline. Cost estimates range 





The author, a former governor of Arizona, is an 
attorney who specializes in representing rural 
interests in waler-riehts disputes 


asteful use of water resources may be 


from 1.5 billion to four billion dollars. 
Environmental costs may be as high or 
higher, if less easy to quantify, Critics 
contend that groundwater pumping will 
lower the water table, destroying streams 
and marshes that sustain migratory 
waterfowl and nourish plant and wildlife 
o#ses in desert basins, including distant 
Death Valley National Monument in 
California. Even there, in the hottest 
desertin North América, water lies 
beneath the ground. Fearful for the 
future, the National Park Service has 
filed formal protests against the project. 
Water reformers throughout the West 
are beginning to question these expen- 
sive, environmentally damaging water- 
transfer projects, They insist that there 
is a better way. If westerners would 
strongly promote conservation and 
develop plans to recycle and reuse exist- 
ing water supplies, there would be no 
immediate need for more such projects. 
Reformers point to Tucson, Arizona, 
asa good example of a desert city that 
today supports growth by conserving and 
reusing water. More and more streets 
and parks are planted with the trees and 
flowering plants of the surrounding 


National Geographic, June PEST 
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how the West is lost. 





Sonoran Desert. Kesidents receive free 
pamphlets explaining xeriscaping, the 
art of landscaping with low-water-use 
p 


towlets., shower heads. and faucets. and 


ants. City ordinances require low-flow 





the city has even shared the cost of more 
efhicient toilets for older homes. Many 
golfcourses ane parks are watered with 
treated sewage effluent 

Tucson residents are proud of their dis 
tinctive “desert city” image. The pavofi 
is Clear: On a per capita basis, Tucson 
now consumes about half the water 
of Las Veras, where conservation is 


shill voluntary 





As the follow ing article makes stark, 
clear, communities dependent on the 
(oloracdo River are facing a crisis, The 
rivers beimg used to the fullest, and the 
region 15 now in its filth year of drought 
As urban populations COnTMLUE to 
rrow, the battle between the traditional 
Water engineers, known in the West as 
“water butfaloes,” and the emerging 
reform movement will surely intensify 
The Jest lon. 45 FEC UNAaANS Were is 
whether man can live and prosper with 
nature, respecting the limits of ou 


clesert environment 
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Witter crupts from a mock volcano at the Mirage 
Atel in Los Veras. In the West, demond for water 
exceeds supply, so this hotel wes mostly woste- 
woter te create tt lowieh desert magic. 





A River Drained Dry 


By JIM CARRIER 
Photographs by JIM RICHARDSON wesr cw 


HE MAN THEY CALL El Coyote 
pushed his blue dinghy away from 
the bulrushes, stroked through 
the murky brown residue of the 
Colorado River, and began to pull 
up bis gill net. Halfway through 

pulling in the 130-foot net, he found an eight- 
inch mullet that landed with a lonely plunk in 
an orange pail at his feet. Minutes passed 
before | heard the plastic thud again, and by 
the time the whole net lay empty in the boat, 
there were just three fish in bis bucket. 

“At least it's breakfast,” Ricardo Sando- 
val said tome. “The net's been out here two 
days." El Coyote, so nicknamed for his days 
as acrafty baseball player, paddled back 
home to El Mayor, the ramshackle settlement 
of the Cucapé Indians, the “river people” 
who are lastin line for the waters of the 
Colorado River system (map, pages 16-17). 

Fifty miles south of the U. 5. border in 
Mexico's Baja California, the great river of 
the West that | had followed from beginning 
to end was gone, the water in its bed a shal- 
low, narrow sump of salt and pesticide-laced 
runoff from crop irrigation. 

"Ey nuestra vida—It is our life,” said 
E| Coyote, summing up 2,000 years of his 
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people's sustenance from this area. But for 
half a century the delta had been dying, and 
with it the Cucapa culture. No longer can 
tribal members hunt mule deer, plant squash 
with the floods, harvest wild salt grass, or ent 
fish three times a day, Several snecies of fish 
and plant life have disappeared. The settle- 
ment has éhrunk to about &5 families, The 
once rich estuary is filled with weeds, trash, 
and occasional swamps of unhealthy water 
barely enourh to float their boats. Last year, 
the fourth year of drought, the water dropped 
to its lowest level in tribal memory. The 
Cucapa were lucky to ent fitch once a week 

“We are the river people. We're still 
here,” saicl Ricardo. “But what river? I 
haven't seen it. It: doesn't get this far.” 

While most mapmakers draw a vibrant 
blue line from the central Rocky Mountains 
to the Gulf of California, the nets of the 
Cucapdé tell a poignant truth about the 
Colorade River: (Continued om page 10) 


Dories beached at dawn in the Grand 
Canyon will soon plunge through 
rapids on a once wild river so dammed 
and diverted that it vanishes before 
reaching its old outlet to the sec. 


National Geographic, June 190] 





Western-style watering hole: Labor Doy boaters pack Copper Canyon in Lake 


Havasu on the Arizona-Catifornia border. Impounded by Parker Dam, this 


i5-mile-long loke sends o billion gallons of water a day barreling through the 
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Colorado River Aqueduct, a 242-mile-long lifeline to southern California cities, 
While doms provide flood control, hydroelectric power, water storage, cru 
recrediion, Hiey drown conyorns, alter ecosystems, and threaten notive species 
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Umbilical of water tigregs through hilly, saguoro cactus country northwest of 
Phoenix. When completed, this 3.5-billion-dollar Bureau of Reclamation 
nehwork of aqueducts, called the Central Arizona Project, will bring nearly half 
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atritfion pellons of Colorado River water a year 335 miles from Loke Howcast 


tt central Arizona farms, Indian reservations, industries, and fast-growing 


municipalities. End-of-the-line Tucson will drink its first drop in. 1992. 
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(Continued from page 4) Demand has mile-leep Grand Canyon. Por only 56 years 
finally exceeded the river's capacity to have its red-mud floods been under control 
support the Southwest. European explorers thought the land tt 

For ariver bizger than life such acondition flowed through was useless. “Ours has been 


scems unthinkable. Plunging from frozen the first and will doubtless be th 


height: of 14.000 feet on the continental whites to visit this profitless localtty, 
loseph C. Ives of the Army Engineers in 


Wrote 


snine, the ¢ olorade writhes tor 1.4450 mites 
lt etches the Rocky Mountains, it carves the 8, alter steaming upriver to the present 
SL — site of Hoover Dam in search of a navigabl 
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' : route between the Rockies and the Pacifi 


“The Coloracto River, along the greater por- 


Who otten writes an western water 15 


lance photograpner JIM RICHARDSON 


tion of its lonely and majestic way, shall be 


(oa8 NATION I forever unvwisited and uncisturbed 
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ACO Tas ringing up the rear, Juan Garcia drives 
only a few spe rlatives: Its elevational chro] iS fis eoots along Mertoo’s Canal Central, 
the greatest in North America: itis one of t! the Colorado's last major diversior, 

squatters Like Crrcia line the conc, eking 


eiltiest (before the dams, it carried an average 
out olivine os formers oni field hens. 


nad Of 380,000 tons adayh and itis one of 


ihe salthest, carrying nine million tons a year 


Although It rinks Seventh in length m the ian area larger than France) and civides t 


U. S., its water volume has averaged only 15 region as no other element: state against 


million acre-feet of water 4 early since 1905 state, rural against urban, Indian against 
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Mississippi more than 400 million mest legislated. litigated 


"ha larare Tar : ja] : ee I. j 
The Coloratio system binds the Southwest In the worled 


Ina semiarid 244, 0(0)-square-mile tramare In two years of tracing the Color 
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stunned by the magnitude of what it was 
asked todo. The Colorado grows grapes in 
New Mexico, brews beer mn Colorado, raises 
minnows in Utah, floats rafts in Arizona, 


Holding back the flow, 726-foot-high 
Hoover Daum, in operation since 1935, 
domesticated the Colorado, whase floods 
ono: fore through the countryside, 


lights jackpots in Nevada, nurses elk in At the Central Arizona Project's 
Wyoming, freezes ice for California, sweetens computerized control room in Phoenix 
cantaloupes in Mexico. In bringing life to 21 (below), water is just a khevstroke awry. 


million people and more than 
[wo million acres of farmland in 
seven states and two countries, 
the river has reached a dammed 
and diverted denouement. 
There i5 only so much water, 
and demands are increasing. 
Conflicts are constant among 
Water users. [he 1922 Coloradn 
River Compact that divides its 
waters Into two basins for use by 
seven bordering. states— W yo- 
ming, Utah, Colorado, New 


th ame 
Mexico, Arizona, Nevada, and | ih\\\\ \\Y 
Cahifornia—no longer seems aie | \ eh 


adec uate 2s Americans floor the 
Ssunkelt. New rules must be 
written in a time of environmen: 





tal concern and heightened awareness of turquoise reflected from glacial silt 

Native American rizhts and claims, Anew Two miles.more and the river leaves the 

Siratepy 16 needed for western water. As the wilderness, weaving its way through a sage 

Colorado River nears the end of a fruitful plain. This is where its virginity ends: Here 

century in Which it was harnessed to human the first irrigation ditches cut into its banks 

needs. iténters an era of limits Over a ridge, on the New Fork of the 
(sreen, John Barlow's grandfather, Perry W 


HESE GLACIERS really cid a number Jenkins, built his ranch in 1905. He orga- 

on this country,” said John Harlow, a nized Sublette County around the Green's 
rock-and-roll lyricist and former Wyo- watershed and later helped represent Wyo- 
ming rancher, as we looked out the ming in negotiations for the historic 1922 
window of a small plane, nearly touching the Colorado River Compact. Each summer John 
gouged granite of Gannett Peak. Sunrise had flood-irrigated 2,200 acres to grow grass for 








just topped Wyoming's Wind River Range, 1,100 cows. But he lost the ranch to high debt 
one of the Coloracio’s main sources, and and low beef prices in the lite 1980s. The 
down in the shadows I could see stretch new, aosenter owners sold the cattle, and the 
marks on Mammoth Glacier as it-siowl, Unused Water sipped into the Green, where 
ebbed into the Green River, the most north almost 60 percent of Wyoming's compact 
ern reach of the Colorado system. share goes for lack of wse 

“You could sav that the Green was the “T would like my kids’ kids to live here,” 


aid John, who makes.a living writing songs 
or the Grateful Dead. “TI don't think the 


central river in settling the West,” said Rar- 
low. It was the heart of the beaver trade, and 
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John Wesley Powell began his historic explo- national interest 15 served by running all the 

ration of the Colorado in 1869 atthe town of water to where it cleans off drivew ays ry Lovers 

(Green River in the Wyoming Territory Angeles. But I think the compact will be 
Unhke most other Coloracde tributaries sbrogated, and Wyoming will be the loser 

which are diverted at their headwaters, This is heretical, but I don't know how we 

the Goreen has wild beginnings. I could see can justify our need for the water under 

a moose and ber calf clomping at the edge present circumstances,” 

of Upper Green River Lake, a brilliant Three hundred miles to the southeast in 
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Patchwork in_-Fraser Experimental Por- 
est near Denver increases spring minoff 
by letting snow fall on clearings, where tt 
becomes snowpack, instead of on- trees, 
where much evaporates. Water comes 
under lock and key at a headgate of the 
Willams Fork River, where Sint Taussig 
(below) diverts water to hus ranch. In 
1864 Denver bought the [mussigs water 


right= but pave them a 40-year lease. In 
2003, their land muy be left high and dry. 
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Colorado, along the Continental Lavicie, thi ind 30,000) sere: of sugar beet, corm, and 
a 


00-foot Never Summer Mountains have barley on the Gareat Plains 
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heautiful names: Lurmuliis, Nimbus, Stratu Same [ ple Chouweht it was awrul to tea 


With the heart of a poet and bie snowshoes up the side of the mountam,” sal Harve 
Md hoped to find one of the river's sources Joh won, 95, chatrman of Water Supply iL 
near Lake of the Clouds nm Rocky Mountain Slorare Lompany, W hich owns the water in 
National Park, which hes below these peaks the ditch. “I tell them we're growing lood 
Che birth here is difficult: The tunaolf of the ind they d go hungry without i 
errated mountains is interrupted by a big First dug by Asian laborers, the ditch cas 
roume 14 Miles fe Pass thy Mm intain breasts ried VAT ra i LoO0. “We were quite Gespet 
This Grand Ditch mms water eastward across ate; and the Western Slope was tlush with 
the divide at 10,186 feet, then sends it down Water, Johnso Lolel fre. Lhe company 
the east face of the Rockies to Fort (ollins decided they'd just go get i” nat wes Don 
: Mey na Geoera pic, wre 


Making the moat of drowgltt, 
Frank Norton visite the site of 
nis fomlv's former dude 
ranch, normally covered by 
Lake Granby. Filled in 1942, 
this man-made lake is a 
cotchmernt basin for a major 
diversion of the Colorado’s 
headwaters, @ 13-mile-long 


funnel! through the Rockies 


fhat brine water to farms ond 
cities [ike KRoulder. The Nor- 
tons resettle! Lip the Aill and 


built oo mori (bockerroiuna} 








i E HAVE in the Colorado 

an American Nile await- 

‘ing regulation," said Los 
Angeles water investigator 
Joseph B. Lippincott in 1912. 
Since that tine the river hus 
been “regulated” almost out of 
existence and now rarely emp- 
ties into the Gulfof California. 
With scores of reservoirs ancl 
diversion dams, hundreds of 
miles of aqueducts and tunnels, 
dozens of pumping stations, 
thousands of miles of canals, 
and more than 30 hydroelectric 
one of the world’s most con- 
trolled river systems. 

Riverwide regulation began 
with the 1922 Colorado River 
Compact, which divided seven 
western states into upper aril 
jower basins (map) and allo- 
cated 7. million acre-feet of 
water a year to each, A 1944 
treaty with Mexico guaranteed 
that country 1.5 million acre- 
feet annually. Although the Cal- 
orado was committed to deliver 
16.5 million tere-feet, its annual 
flow has averaged only 14 mil 
lion since 1930, and evaporation 
fromureservairs removes another 
2 million, 

As long a5 some States con- 
tinue to use less thon their share 
inset), others can siphon off 
more. Bul as populations rise 
und states in both basing cor 
plete water projects, the Colora- 
do will be virtually tapped out. 
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eeativart through the Rockles 
a 700,000 acres of farmiand 
‘and to cities such as Darver. 
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ite bet er dee dk. poe 


Soll rocking the boat, 74- 


year-old Afortin Litton hos 


spent reorly half his life 
compdaigning to keep the 
Grand Conyon wild, Below 
Glen Conyon Dam, time- 
exposed beams from ao flash- 
livht (right) show fluctua- 
tons in daily water levels— 
the result of releasing water 
for hydraclectric operations, 
which Litton save “erodes 
beaches ond hurts the ecol- 


ary of the canyon.” 





transimountain diversions, but there are 70 
others, draming a third of the Colorado 
high tributary flows, Denver, where I live 
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HE MOST IMPROBABLE DIVERSION lit 
| 000 feet below the Grand Ditch, 
Where snowmelt collected in. Lake 
Granty is literally pumped backward 
up the old Coloracde riverbed to Grand Lake 
A 


oo 





Auto, natural mountain lake ts thus 
mace part of a plumbing system that takes 90 
percent of the fledgling main stem's water. A 
tinnmel 13 miles long and nearly ten fect wide, 
part of the Coloraco-Big ° hompson Provect, 
tales the take water uwocler the Continental 
Divide to the east face of the Rockies: The 
Water then flows to cities Hke Roulder, serv- 
ing a population of 500,000, and to Weld 
Lounty, the fourth richest agricultural counts 
inthe U.S, But draining so much wate 
leaves the Colorado a small stream in the 


MoOUntAins, With just enouch water to meet 


the state requirement for keeping trout alive 
Wit 
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IOut that requirement you would 
trearmbeds on the Western Slope 
for sure,” saicdl Rolly Fis her of the Colorads 
River Water Conservation District, which 
has carned on a half-century water war with 
Denver and the Front Range. Formed as a 
‘protective association when the Uolorarcta 
Big Thompson was built, the district has 
fought nearly every transmountain diversion 
The fear has been that the Western Slope 
would be-dewatered fust as California's 
Owens Valley was dred up by Los Angeles, 
fic] b bse hee 


Lenvers- suburban neighbor Aurora has 





diverted to the Front Range. “The Gunnison 


i one of the last frontiers in the water wars 


the mentality and legal status quo. The said Bill Trampe, one of the local ranchers 


orimary tawioof the aricl West, "first in time, who increased their own taxes for 1991 to 
first in neht.” gives the OIdesE users of water fight Aurora in water court. “ Recreation L 


nearly ironclad seniority and ownership the Gunnison's leading industry.” he said 

Johnson, one of the grand men ol the river “Tt requires water in the streams: And half of 

arrived in Coloraco in a covered Welton ant Aurora's water would zo on lawns." 

spent his life making the semiarid plains But Aurora's population of 222,000 could 

bloom. “It's very productive sail,” he told triple by the -vear 2050), and the city is 

me, “if you put good water on rt." already using the water from 20,000 acres ol 
_olorade’s entire Front Kange is a rich mountain tanchland and has bought other 

Larm bell and @ growing urban area because larm Water. “The Western Slope views it 

of Water diverted across the Great Divide as their water, while in reality state low 


Phe Grated Ditch is one of the oldest provides for diverting water to where tt 


fhe Coioredo: A River Drained Dri 19 


can be used,” explained Aurora's utilities 
director, ‘Tom Griswold. 


N THE SPRING OF ro90, the signs of 
drought cameé éarly in the mountains, 
where snow depths are watched like a 
water stock market. On April 1, when | 

skied through the Fraser Expenmental Forest 

west of Denver measuring snow with U.S 

Forest Service scientists, the Colorado's pre- 

dicted flow was 45 percent below normal. 

Within dave George Anderson was making 
tough decisions downstream about ranchland 


water in Roan Creek, just one small tributary 
near Grand Junction, Colorado, “I'd rather 
do anything than go tell a guy I've got to snut 
his water off,” said Anderson, a soft-spoken, 
friendly water commissioner with a gold 
tooth in his grin. “If you don't have water up 
here, you don't have nothing,” he said as he 
drove me around the irrigated valley, 

In wo drought, George Anderson ts judge, 
jury, and executioner. On about a hundred 
ditches that in a good year carry Roan Creek 
to 8,000 acres of grass sprouted from sage- 
brush range, be had to close all bot six of 


National Geographic, Jame 190) 
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the guillotine-shaped headgates in April 
As the Lolorade’s two main branches—the 


upper Colorado and the Green—converge, 


the landscape becomes increasingly arid and 
lancly; precimitation. drops from ‘as much as 
55 inches in the mountains to as little as 10 on 
the Colorado Plateau, where the rivers sink 


INGO SEPP rhe CTHCKS. 


Phe greatest pollution ts salt. Starting with 


snowmelt quality of 50 parts per million, both 


rivers prow saline as the water is extracted. 
eviporates from reservoirs, passes over natu 
ral salt beds, and pours throwurh soil that was 


The Colorado: A Rreer Droined Dry 


Rottened down apoinst blowing dust, 
cHmpers tam Lone Rock Beach on Lake 
Powell, Glen Canyon Dam's 1486-mile- 
long reservoir, Drought has dropped the 
lake level 6G feet, doubling beach size. 


once the bottom of an ancient sea, By the 
time the Green reaches Green River, Utah, 
600 miles from its source, its salinity exceeds 
the federal 500 parts per million salt standard 
for drinking water 

The river used to flood Sty cold in the 
snoring and trickle warm and clear in the fall 





Now, below dams like Flaming orge, it 
runs clear and cold year-round, The dams 
trap silt; reservoirs release frigid water from 
their depths back into the river, creating 
excelent trout habitat but contributing to the 
near extinction of several native species sensi- 
tive to the temperature change. 

“We're not talking about one or two fish,” 
said Harold Tyus, who'runs the U.S. Fish 
and Wildlife Service laboratory on the Green 
River near Vernal, Utah. "We're talking 
about the loss of an entire fauna, More than 
half the endemic fish in the upper basin are 
endangered. This is the last stronghold.” 

Before sunrise in a rose-colored canyon I 
watched Tyus's biologists seine the Green for 
tiny Colorado squawfish larvae— “threads 
with eyeballs.” That they exist at all there 
is due to the Yampa River, the only major 
undammed tributary in the Colorado drain- 
age. It joins the Green in Dinosaur National 
Monument and runs warm and low enough 
for squawfish spawning. Proposals to dam 
the Vampa—one company wanted to sell the 
water to San Diego— would probably elimi- 
nate the fish, said Tyus, who favors giving 
the fish a water right of their own. 


HERE THE GREEN and Colorado 
meet, in the remote labyrinth of 
Canyonlands National Park near 
Moab, Utah, » powerful river 
results, | could see the pistachio color of one 
mixing with the red-silt-laden flow of the 
other, a total of 14,000 cubic feet asecond 
swirling and gathering strength fora plunge 
through Cataract Canyon. Ina life jacket and 
rubber raft I joined a group of thrill seekers 
through Big Drops 1, 2, and 3—rolling, 
muddy rapits suarantecd to soak to the skin. 
In side canyons we examined the ruins of 
Anisazi Indians, the “ancient ones” who 
lived along the river a thousand years ago: 
The best explanation for their disappearance 
is a combination of drought, overpopulation, 
and internal strife —elements present in the 
West today. 

“The Colorado has defined what the West 
became," the rafters heard from Sally 
Ranney, president of American Wildlands, 
after a steak dinner on the beach. “And 
because of the water shortage it will define 
what the West will not become. We have a 
saying out here that water flows toward 
money. It has nothing to do with gravity.” 






res 


Pur for this course, 125 million gallons of 
wastewater unre pumped yearly from the 
city of Page, Arizona, to keep desert dog- 
legs green near Glen Canyon Dam, in 
bockermind. Recycling the West's water 
allows greater use of its scarcest resource. 


Near the end of our trip the river widened 
into Lake Powell. Capable of holding nearly 
two years’ flow in a red sandstone bathtub 
1,900 miles around, Powell is just upstream 
from Lees Ferry, the dividing point between 
the upper and lower basins. The 1922 com- 
pact apportioned 7.5 million acre-feet to each 
basin, from an annual flow then thought 
to average about 17 million. In years of 
drought, the Jower basin gets its share first, 
sometimes resulting in a shortfall for the 
upper basin. 

Virtually all the water that will enter the 
Colorado has done so by now, and the lake is 
a quick look at demand and supply. In 1990, 
the fourth year of drought, a ring was show- 
ing in the bathtub 66 feet aboye the water 
level (evaporation alone takes five feet a 
year), Less than 5.5 million acre-feet of 
water flowed into Lake Powell, not nearly the 
8.25 million required downstream by the 
compact and a later treaty. 

Lake Powell's creation in 1963 was the 
crowning act of the U. 8. Bureau of Reclama- 
tion's 30-year, big-cdam era. Built for water 
storage, flood control, and power, Glen Can- 
von Dam flooded caverns and canyons that 
only afew thousand people had ever seen. 
Today more than three million people visit 
the wast desert lake each year, and | could see 
anew conflict on the river, as the traditional 
water users—the irrigators and power tnter- 
ests— bumped heads with the enormous eco- 
nomic force of leisure time. Boaters wanted 
their docks in the water, not draped on silt. 

Downriver, in the Grand Canyon, the dam 
was exacting another price. With most of the 
silt blocked off, the clear, deep-green 
“hungry” water ate away existing sand and 
silt, the base for the canyon's ecosystem. 
“Same of the worst erosion came early, in 
1964," said Martin Litton as he maneuvered 
a dory through the rapids below the dam for 
perhaps the 75th time in his 74 years. The 
Grand Canyon curmudgeon has long been a 
bur under the saddle of dam interests. 

Without the usual feast-and-famine flows 
of the natural river, wildlife changed 
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Desert furrvest: Matthew Endischee 
displays the Navajo Reaservation’s first 
commercial crop of shiitake mushrooms, 
srown on oak logs. Water from the San 
Juan River drips from above through a 
ntesh canopy that reduces evaporation 
by blocking SO percent of the suntight. 
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abruptly. Fish used to warmer waters and 
muddy bottoms cied off. Beaver disappeared 
because entrances to their homes, truilt 
underwater in the riverbanks, were regulary 
exposed as the water level rose andl fell. Tam 
arisk Invade: and songbirds increased, trout 
were introduced and bald tages began to 
make winter stopovers 

Litton glanced up at the violel-green 
swallows looping about for bugs: “They're 
doing fine, but most cliff swallows left after 
the water cleared, Not enowgh mud for their 
nests. With fewer beaches for boaters to 
ie national park limited visitors to 
22,000 a year, outlawed driftwood hires 
except in winter, and made everyone Carry 








Camp on, | 


Out All waste” 

On our second morning we awoke to tind 
our boats hich and dry on the narrow beach, 
Phe water had receded nearly 13 feet during 
the night, Glen Canyon és hydroturbines are 
used when power demand peaks, Causing the 
water in the Grand Canyon to go up and 
down like a tide, Leas demand for power, less 
water. “See, the water is low today because it 
was cool in Phoénix vesterday and they cicdn't 
witnt as much air-conditioning: The beaches 
can't take this daily up-and-down stull,~ 
explained Litton, who argued for ashilt of 
peaking power away from Glen Canyon 


4 





But Liow! Greiner, a manager with the 
Western Area Power Administration, later 
countered: “| don't believe there is enough 
evidence that fluctuating flows are a major 
contributor to the damage. The river drops 
2.000 fret in the canyon, With witer 
rushing through, there will be erosion, 

On a Sunday morming we 
awoke ih the canyon to hac 
news: Low weekend demand 
for clectricily in Phoenix meant 
that low “Saturday water” 
was reaching us 87 miles from 
the dam. In Unkar Rapids, Lit 
ton hit a rock. A few miles far: 
ther the river looked worse. 
“Tye never seen Hance Rapiiis 
this low, This is basically 
unrunnable in dories,” he said 
when he saw the boulclers 
sticking outof the water 

So we waited, with environ 
mentalist Litton praying, ioc 
cally, that Phoenix would 
siiifer a heal wave so we could 
float the river. That night I stared up into a 
heaven cut by the cleavage of the canyon. I 
witched satellites inch across the star 
sprinkled sky and thought that mine was the 
last generation to have seen a might sky 
lings — or the 
Grand Canvon's waters unregulated. Two 
davs later Litton’s prayers were answered. 








uncluttered by man-macle t 


HEN Maj. John Wesley Powel! 
emerged from the Grand Canyon 
in 1869, he met Mormon colonists 






who pave him melons and other food 
from ground that received only four inches 
of rain a year. Powell later foretold the 
opportunities and limits of western water 
"All the waters of all the arid lands will 
eventually be taken from thetr natural chan 
nels.” he wrote. The Mormons believed that 
irrigation fulfilled the prophecy of Isaiah 
that when Christ returned “the clesert shall 
rejoice, and blossom as the rose, for in 
the wilderness shall waters brenk out, and 
SPAM. if the desert 7 

Like a miracle the river plugged by Hoover: 
Dum, onthe border of Nevaria and Arizona 
achieved that promise, The “grande dam” 
reined in the Colorado, fostered what was the 
richest irrigation project in the world, and 


wittered and powered the Sunbelt. As I 
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followed the waterway 150 miles below 
Hoover, D could almost hear the slurping 
straws of distant cities: On ome side of Lake 
Havasu is the Central Arizona Project (CAP), 
which carries river water 335 miles eastward 
to Phoenix and, soon, to Tucson. On the other 
is the Colorado River Aqueduct, emerzing 
from & pump house able to suck 
up one billion gallons of water a 
day for southern California. 

Until 1990 those California 
intake pipes, run by the Metro 
nolitan Water District (MWD) 
of Southern California, took 
pretty much what they neececl— 
over one million acre-feet a year, 
twice WW D's richt to the river 
Arizona wasn't using its. full 
share. With the CAP nearing 
completion in 1990 it looked like 
Arizona would come 
When dry Califarnia asked for 
more water, the Bureau of Rec- 
lamation, with its hand on the 
Hoover spigot, said no: It was a 
historic announcement. As 1990 began, the 
lower basin hid, for the first time, used up its 
full share of the Colorado River. Six months 
later, with generous rains in Arizona, the 
spigot to California was reopencd 

Given these limits, it was strange to me to 
trave: west along the Colorado River Aque- 
duct and find its waters spread in chevron 
shaped shallow ponds near Palm Springs, 
alitornia, soaking into the ground! Like a 
cesert mirage, the waste wasn't what if 
appeared: [he water wat recharging the 
desert’s huge underground aquifer. 


Net loss; U.S. Fish and Wildlife special- 
ist Bruce Haines setnes the Green River 
for scarce Colorado squawfish larvae but 
this time finds only nen-native minnows, 
Dams, which alter the water level and 
tempercture of rivers, endanger squawe- 
fish and other indigenous species. 
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| spent one morning cruising the streets 
with Drought Buster Tony Marufo, who 
would brake to aha f 








tat the first sign of a 
damp spot on a hot sidewalk. “Some people 
‘ay [can smell water,” he said, grinning. In 
1990, ina city long known for its profligate 
Water use, Viarufo and his 25 colleagues 
wrote $8,862 citations from May to October. 
By late summer Los Angeles had reduced tts 
water use by more than 10 percent 

But MWD's Tim Quinn told me that con- 
servation 15 a limited tool, that per capita wee 
is up in most western cities, Wewer houses 


Because of the rich aquifer, wealth bevond 
all imagining bas come to Palm Springs. On 
Country Club Drive, | passed developments 
with names like “The Lakes” and “Desert 
Falis.” At Marriott's 400-acre Desert Springs 





actully push water use up—all have awto- 
Matic cishwashers—and higher income fam- 
hee use more water. “We're trvine to find 
ways to flatten those numbers out,” he said, 
“but lowering them may be impossible, It 


would cross the line of fundamental changes 
in life-stvle—no green vards, for example.” 

And that, [ learned, was a line that no one 
in the California water establishment wanted 
to cross. Controlling growth, they said, is not 
a Water agency § Job; finding more water is. 
The population of 15 million served by MWD 
6 trowing by 300,000 4 year, and officials 
fear ramming short of water by the year 2000 if 
serious croucht conditions continue 

The Sacramento River is a likely source of 
relict but an unpopular choice with many 


resort the lobby contains 4 ten-foot-deep 
indoor lagoon, complete with bouts, ane the 
resort pumps one and a: half million gallons of 
Witter dny onto tts gol! course In summer, 





NW LOS ANGELES | found serious attempts to 
conserve Water as the California drought 
entered tts fourth year. Squads from 
the city’s Drought Busters enforced new 

ordinances against washing sidewalks, 
serving unsolicited water in restaurants, 
and watering lawns during the day, 


fhe Colorado: A Rrver Draimed Dry 25 


A trickle ts no trifle for Drought Buster 
George Verdesoto (below), one of two 
dozen water patrols who scout Los Ange- 
les streets ond tasue citations to anyone 
wasting water. In desert communities 
like Lake La Quinta (right), near Palm 
Springs, developers create oases like this 
mooy-tonrued mint-lake to attract 


western homeluvers, 





hern Californians who think seuthern 
he 


mor 


Californians are stenting their wat 
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ine tankers bringing tresh water 
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from the Pacific Northwest, ships hauling ice- 


Humbia 


have been started 


| a L r 
Ceres. Bnd & oiptline to tap the 


River 
to tur Paci) Lirean water into reth wate 


marketing — 


Desalination plants 


Another prospect = water 


trading water like a commodity, a relativelh 
new concept in California. In j 
deal MWD agreed to finance the lining ol 


ation canals and the upgrading of 


ts first 





amtion District plumbing at a 


cost of Law million collars. The deal Wi il] SaVE 


LOO OUR) acre- feet from seeping into the 


ground, thus increasing water available 
MWD 


not to grow crops 





50. Day farmers 


Aoriculture 


Phe agency mignt a 
in dry years: 


} percent of the Colora 


rays ar] to 
“The phone rings three times a week [rom 


rs, 10 other SLaLes, Wannne to Sa" | 


landowne! 
their water,” said Tim Quinn, Wyoming 
might use its water after all, | 


selling it to Calitorma. But state laws 


thougnt—h 


i Hane for that 


wottld have t 
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Big-buckled success has come to [mpertat 
Valley farmer Jim Storm (below) from 
Colorado River water that irrigates five 
dozen crops marketed under hia River 
Ranch brand name. Across the border tn 


Aexico, water means survival to workers 
whe pick cotton for sie dollars a day. 





homeowners: “In five years maybe [ can.” 

Snyder, an-athletic third-generation Calt- 
fornia builder, drove me by the east Lake 
Shores Beach Club, where palms and pra 
surround a santy beach, “This i¢ the kind of 
amenity that brings people to EastLake. 
We've spoiled ourselves, no doubt about it 
There has been enough water in California 
for whatever we wanted to do, 


AGUARO CACTUSES stand guard in 
Arizona along the Central Arizona 
Project. The 3.5-billion-dollar water 
network administered by the Bureau of 
Reclamation is considered by environmental- 
ists the ulttmate in desert folly. in order to 
pump -.5 million acre-feet of water clear to 
Tucsan and subsidize its cost 50 farmers can 
irrigate economically, the burtau helped 
binid a coal power plant near Page, which 
taints the air over the Grand Canvon and the 
Navajo Reservation 

But south of Phoenix, on the tiny Ak-Chin 
Indian Reservation, that same CAP is a god- 
Water from the Colorado has 
turned a dirt-poor community into a prideful, 
self-sufficient farming community with low 
unemployment and no welfare 

“We're using it to farm cotton, small 
falta 





cend, | learned 
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even fish—and 95 percent of 
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our people Work Of OUT farm,” said Leona 
KRakar, astrong woman whose famuly led the 
way to this Incdian-country success. She spoke 
to mein the shacle of a taruarisk tree after cer- 
emonial basket dances to celebrate ground- 
breaking fora tribal museum. A mile away 
workers Were harvesting cotton. “I"ve given 
26 years of my life for-this 
ficht,” she said with a shake of 
her graying, Cur 
made a world of difference.’ 
Until the 19604 afew hun 
dred Ak-(hin subsisted in the 
Sonoran Desert around shallow 
wells. But pumping around 
Phoenix lowered the water 
table hundrects of feet, making 
farming too expensive, Citing 
the 1908 Supreme Court Win- 
ters cloctrine, which reserves 
enouch water for Incians to 
irrigate their land, the tribe 
sued the federal governinent 
Congress awarded the Ak-Chin 
CAP water, which first arrived 
in 1987. Within two vears a 38 percent unem 
ployment rate had dropped to 4 percent, and 
the tribal farm had tripled its acreage, 
Encouraged by the Ak-Chin success, other 
Anzona tribes, which have been without ade 
quate water fora century, are following suit, 
Their claims total more than all the water in 
Arizona, which arguably could make them 
the American Arabs of water. The huge 
Navajo Indian Reservation atone could claim 
mest of the fow of the Colorado, based on 
the Winters doctrine. "It's certainly a cloud 
of uncertainty that hangs over our water 
management programs, 
deputy director of Arizona's Department of 
Woter Resources 
But a water right without wet water is use 
less, ahd severe tribes have compramised in 
order to get canals built and water delivered. 
The CAP cartes Colorado water for ten 
tribes. “We are doing what we cid in ALD, 
200, justa litthe more modern, “sani Leona 
Kakar,. “Water is our lifeline, our blood.” 
Below the Colorado River Aquet 
Colorade runs hke a sluice, wicle and slug- 
eich, the banks riprapped in places and lined 
with tamarisk and occasional rows of 
cottuges. Near Yura, Arizona, it backs up 
behind the Imperial Dam, which takes more 
than 26 percent of the water, the single 
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Radiant shafts of water stream down rows of rich fermland in southern Cati- 


fornia’s Imperial Valley. Receiving only three inches of rath @ yedr, the vor Leys 


helfmillion cultiveted acres would revert to desert without the 2.9 million 
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acre-feet of water—obout one-fifth of the Colorada's entire flow—draown from 
the All American Conal. Altogether, 700 prosperous farmers generate about 


co Oiltion dollars oa year in produce, rain, and livestock 





biggest chunk of the river, and pushes it 

through the All American Canal about 80 

miles west to California's Imperial Valley 
Driving west, | watched dune bugmes race 


over sand dunes sliced by the canal, where an 
estimated 70,000 acre-feet of water soaks into 


the sand each vear, Congress has authorized 
the Bureau of Reclamation to stop the leak 
age on the canal; lining it isa likely solution 

California cities can't understand how 50 
much water can just disappear into the 
ground—or how nearly one million acre-feet 
of water runs off anc under irrigated fields in 
the Imperial [rrigation District and into the 
bry Salton Sea, The state of California has 
found that the district, at the far end of the 
canal, wastes about 15 percent of its-water 
and has required it to conserve 100,000 acre 
feet. Some 700 farmers there, who generate 
nearly one billion dollars cach year, have a 
very senior right to the river's water, After 
00 years, they are worried. 

“We do live in a democracy,” said Larry 
Cox, a 32-year-old cotton, alfalfa, and vege: 
table producer I found weighing onion seed 
“Tf you've got 16 million voters up there in 
L.A., who's tosay they can't change the 
laws? 1 think it's a definite possibility.’ 

The land is so salty. and the river water is 
50 Saline (averaging more than 700 parts per 
million) at the end of its journcy that extra 
water is poured through the soil to Mush salt 
away from roots. Each field gets about four 
feet of water. Pipes buried four to eight feet 
below the surface then carry the excess, salty 
Walter away 

Cox, whose onions will be used on McDon- 
ald's hamburgers, said he resisted more effi- 
cient irrigation methods until he felt forced to 
try the drip <vsterm ona tomato field plagued 
by waterborne soil disease. “Tt was fairly 
easy,” he-said, “and the yield went up 
substantially,” 





OWHERE ON THE COLORADO did I wet a 
greater sense of the dividing of the 
waters between the haves and have- 
nots than below Morelos Dam in Mex- 
ico, south of Yuma, Arizona. The last of the 
Colorado River is pushed into the Canal Cen- 
tral here, and the riverbed! becomes shallow 
enough to wade across. Many Mexicans hop 
Ing to start a new life with the water and 
wealth of the U.S. have Walted in the river 
bec until dark before crossing the borcer 
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Without a real river, the poor have built 





jomes along the canal. They are 
called aeecindodos —squatters 


old man wash his clothes and hang them ona 


makeshiit 


l watched an 


A worn 
carmed a bucket of water for her garden, a 
skimpy row of corn and squash, Their homes 
were part adobe made from canal mud, card 
board, atl car 
For some 20 miles the nearly empty river 
bel is the border between the UV. 5. and Mex 
ico, but metaphorically the Colorade has 
divided the two countries since the first 


cocmoniiia, or arrowwood, plant 


soars 
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Wino remicuns of the Colorads 
seeps iho desert sands after 
Lexvico's €oomal Centfri i. plis 
tening in the backrround 
(above), takes its treaty share 

Workers in Yuoa, Arizona, 
install one of 9.460 desalting 
membranes in ¢ desalination 
plant thot, when completed, 
will reclaim more thant 70 mil- 
tion gollona of drainage water 
Oday from the Wetlton- 


VHTohowk irrigation cistrict 





attermpts to divert the river into California,.A 
1944 treaty guarantees Mexico 1.5 million 
acre-feet of water a year. After return flows 
from the irrigation district cast of Yuma 
raised salinity in Mexico to more than a 
thousand parts per million, killing crops, an 
agreement was signed controlling salt levels. 
Rather than take the saline U, 5. soil out of 
production, Congress authorized a 260- 
million-dollar desalination plant. 

Under the treaty, Mexican officials don't 
expect more water from the U.S, “The 
States aren'tinteresttd in giving up any- 
thing,” said Luis Lopez Moctezuma, a 
planning official for Baja California. Only 
two-thirds of irrigable land in Baja gets water 
from the river, which is divided among 
14,000 farmers, each of whom can plant only 
40 of their 50 acres, There also is an increas- 
ing demand for urban water: An aqueduct 
takes Colorado River water to Tijuana. 


T WAS IN THE RIVER DELTA that I saw the 
real effect of the water shortage, The 
delta was once a series of green lagoons 

» that ecologist Aldo Leopold described as a 
“milk-and-honey wilderness” where egrets 
gathered like a “premature snowstorm,” 
jaguars roamed, and wild melons grew. That 
was in 1972, the year the Colorado River's 
interstate compact was signed and plans were 
laid for Hoover Dam, In the years since, 
marine ecologist Cuauhtemoc Lein Diaz told 
me, the ecosystem has changed completely. 

Two marine animals became endangered 
species: a fish called the totoaba and a por- 
poise called the vaquita. The totoaba used to 
grow as long as six fect and weigh 300 
pounds: its flesh and bladder were a delicacy. 
Adults migrated to the mouth of the delta m 
thick schools, and the tides sent their eggs 
back, deep into the natural nursery of the 
delta, When the river was cut off, the nursery 
mechanism was cut off too. 

Other, unknown species may have disap- 
peared, according to saltwater agronomist 
Nicholas Vensen, who rediscovered a wheat- 
like sult grass thought extinct. Through selec- 
tive breeding he improved the vield from one 
ortwo pounds an acre to one or two tons an 
acre. The grass grows best when irrigated 
with full-strength seawater, making it valu- 
able in arid and saline areas worldwide. 

‘When the Colorado stopped flowing, we 
lost the main population of the plant—it 
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Lifeblood to those who depend on it, the 
Colorado flows down Mexicen canals, 
nearly 1,450 miles from its source. With 
demand for water exceeding the river's 
ability to deliver, people in the West will 
hove ty cut back or do without. 


could have gone extinct, and we'd never have 
known,” he said. The river was like the Nile 
in its importance to the delta, “We probably 
never will know what we lost." 

In my last days on the river I talked with 
Cucapa Indians at their village, aided by 
Anita Alvarez de Williams, a self-taught 
expert on the small tribe. [t had been six 
months since they had been able to catch 
encugh fish to sell, Stil, at every home, a 
boat lay expectantly in the gravel. “I don't 
have much hope for the future,” said Ro- 
sendo Carrillo Oliveras, “The older ones fish, 
the younger ones goof off —there is no work.” 

Anita introduced me to Inocencia Gonzales 
Saiz, a 53-vear-old woman who makes tradi- 
tional beaded collars, worn in Ceremonies, 
Instead of fish, she said, they eat frijoles and 
junk food. The water can’t be used effec- 
tively on melons or squash because it is toa 
salty. They eat a diet high in sugar and fat. 
Many of the people have diabetes, 

I thought back to all that had seen on 
the Colorado. The river could produce so 
much—and promise <o little. As we left 
El Mayor, Anita said to me, “There are 
important things to learn from apparently 
simple cultures. These guys have been 
around for a couple thousand years. Hut 
harring a miracle, you're secing the 
last of them.” 

Aldo Leopold, at the end of his essay on the 
Colorado Delta, wrote: “Man always kills the 
thing he loves. .. . | am glad I shall never be 
young without wild country to be young in.” 

With what water it hac, the Colorado 
created a new civilization in the Southwest. 
Now it is beset by the needs of a mature and 
burgeoning community. There is talk of re- 
negotiating the compact to move more water 
where the people are and of creating new 
ways to exchange, augment, conserve, and 
manage. The river above the delta reminded 
me of an aging prima donna ecking out a little 
more time, refusing to face the inevitable: 

“What river?” I remembered the fisher- 
man El Coyote asking me. 

Lknew the answer, but had no reply. in 
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The iron Curtain Rises to Reveal a Land 


By JON THOMPSON Photographs by JAMES NACHTWEY sone 





DARK DAWN 


Tarnished by Pollution 
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FINGERS OF SUNLIGHT pry into the fume-choked air as a pol operalor works fo release bubbles of gas from 
molten metal atan aluminum plant in Ziar nad Hronom, Czechoslovakia. He uses a wooden slick, which burns 


shorler with each wse but leaves no contaminants in the mix. Every day. workers here inhale cancer-causing 
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lar vapors, Reports of job-related cancer vary widely—bul as a concession to the hazardous surroundings 
employees gel to retire at 55, live years earlier than normal. Not only humans are at risk: The plant also emits 
fluorine gag and salts, dangerous to trees and livestock, 








A STEAMING POTION of water, limestone, and coke residue pours into a quarer-mile-wide holding pond al 


fhe Buna chemical works near Merseburg, Germany. This waste, which seeps inte farmland, reporteny 


harmless. Thal cannot be said of the ten pounds of mercery the plant dumps. on average, into the Saale 





ina single day, Metal-laced industrial waste also taints Easlarn Europe's food chain. In areas of Poland's 
Uoper sitesia, soil levels of lead, cadmium, and other dangerous metals have been found to exceed 


accepted limits, and 36 percent of the children ina recent study showed evidence of lead poisoning. 





While the world wasn't 
looking, Eastern Europe's 
regimes poisoned their 
environment in the name of 
progress. Now new leaders 
must assess the damage and 
set priorities for reversing it. 


NW THE FALL OF 1989 the communist gov- 
Eastern 


the [ron Curtain 


ernments in Europe began to 
crumble. As 
journalists 
i, Bast Germany, Crechosiovaria, 

Hungary 
s newfound treedaom—were met 
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The heaclines in the Western press Pal 
ist-Bloc Nations,” “Envi- 


ronmental Catastrophe in Eastern Europe — 


lution (Chokes kez 


broughta crowd of questions tomy mint: Why 


all the fuss right now? How bad ts it? How did 


it anecting DEO pLe health, and 


povernments respondinge 


it happen? Is 
how are the new 

AS a doctotl 
I was disturbed br 
For two months m 1990] traveled thr 


the truth 


by training and a scientist by 
inclination, what | reac! 
ehout 
Eastern Europe, eager to discover 
What I foun 
had 
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simple as the 
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oak. f nied hig iT VWilwce arid littiz thought ix 
control. The natural enyi- 
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the late 1980s complamts 
ment became focused into a wav of showine 
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war and aclormed with many old churches and 


fine buildings. I took a walk along the erasss 
bank of the Wisha (Vistula) Rivet 
clean and fresh, and the river, dark a 
A lone fisherman 
ing at the reflected beauty of the town 
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tintil recently, ° he said 


put out by the facton 


POLSON 
l was surprised at how much he knew 
S local taxt driver showed an equally 
remarkable interest in pollution by giving me) 


rundown on how much sulfur cioxicle was put 
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town uta (Nev ir) begin in the coal mines, These Polish miners dig 

builtin the early 19506 with a Sowiet versionoa hioh-orade black coal, some of which Poland will 

1 export to raise cash. The nation keeps all of its dirtier, 
ay high-sulfur brown coal for industry and home heating 
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lewe 1: for sulfur dioxiceareexceedced the whole 
time,” he said, “and only once did the fluorine 
le a4 fall to within the permitted range. We 
have a long way to fo to meet our targets.” | 
was intrigued to note that in 1989 the amount 
of dust falling on the city was less than in previ 
a lot of 
strikes, and many factories were not working 
erly,” heexplamed. “It had nothing todo 
with improvements in pollution control.” 

Pollution in Krakow was nowhere to be 
seen, Dut appearances can be deceptive—it 
was summer after all. From the walis of an old 
fort on the outskirts of the city, 1 could sec 
Moawa Huta’s forest of smoking chimneys 
looming m the distance 
blowing smoke toward the city, I could imag- 
ine quite a different picture—the dirty one my 
taxi dnver hac painted earlier 

The next day, [ met Stanistaw Juchnowicz, 
a distinguished-looking architect with specta- 
cles and silver hair, president of the Polish 
Ecology Club, "Why," [ asked him, “was a 
huge steelworks builtnesxt to a city of such his- 
toric importance?” 

He pettised, weighing his answer. “ You 
must understand, it was a political decision 
There fnoiron ore here, and we had very little 
Industry, According to the theory of our com- 
munist masters, the wage-earning class was 
supposed to have a leading role in society. In 





ous years. “During that year we hac 


fro 











the 1950<¢ all the countries under communist 
rile underwent massive indwstrialization. 
Krakow wis a university town with very few 
wage earners. Putting the steelworks here was 
adeliberate attempt to destroy the old order by 
creating a class of wage earners where none 
existed hefore.’ 

Like Juchnowicz, other members of the Pol- 
ish Ecology Club were highly ae ind 
intelligent. They all showed deep concern, 
Speaking wit h PASSION Al boukthel horrors of t po 
lution. “hey told me about the uncontrolled 
discharge of fluorine gas from an aluminum 
pliant, the escape of organic solvents from a 
pharmaceutical factory, the fallout of 
cadmitim-laden dust onto the soil from smelt 
ing works, and the uptake of cadmium by 
come Vegetables enten by humans. They also 
reported that 170 tons of lead were released 
into the air from Nowa Huta annually, and 
that electrostat preci pitators fitted to facton 
chimneys to control the escape of dust were 
switched off at night to save electricity, Then 
there was the appalling state of Poland’: 
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Pollutions 
long shadow 


FROM THE BALTIC to the Black Sea, hall a century 
of runaway Indusirialization has lefta smear of 
destruction through the heart of Easiern Europe. 
Under orders from Moscow, factories appeared 
where only farms and markets had stood. The his- 
toric university city of Krakow was “given” the 
huge Nowa Huta steelworks simply bacause 

the Stalinist regime mistrustad the city’s intellec- 
tual elite. Now the city fies within the “dirty trian- 
gle” formed by Poland, Czechoslovakia, and 
where pollution controls are often nonexistent. 
Eastern Europe's network of rivers has become a 
comenient method of disposal —especially the 
Danube, recipient of eight nations’ waste. 
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MIST CARRIES a deadly payload to the remains of a 
Czechoslovak fores!. Sulfur trom coal-burning indus- 
tries combines With moisture to create airborne acigs 
that kill and denude woodlands. The acid rain that 
crated this timber graveyard in the Ore Mountains 
could have risen from any neighboring country 
Further damage is done to surviving woodlands by 
insects like the larch bud moth. Thriving under condt- 
tions other forest animals cannot withstand, the moth 
has devastated a large area in Poland. 


rivers, polluted by untreated sewage, indtis- 
trial effluent, and brine pumped out of coal 
mines. The picture that club members pre 
eontedd was one of unrelieved Mismanagement 
and cisaster 

Polish intellectuals were clearly the driving 
force behind the surprising awareness of pollu- 
Nowa Huta, 
where a grav-black dust cakes everything, I 
found another point of view. There | met a 
[-year-old smelter, rownd, grinvy, toothless 
and proud. “They're always on TV and radio 
going on about this place,” he told me, point 
ing his callused finger in the direction of Kra 
Low. “Whydon't they campaign fora modern 
pilert here instead of trving to close us down?” 
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This coal belt extends ina broad band through 
snuthern Poland into eastern Germany and 
Czechoslovakia R-BStErN 
Europe's chemical, metallurgical, and other 


northern where 


heavy industry concentrated, Katowice and 





the Surrounding arta consist of i Mipe urban 


industrial development with a dozen or so sat 
elite with sin 
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lurching tramlines bent out of shape by sulst- 


centers crisscrossed rowcds 
dence of the mines. Fetid lakes, massive spoil 
heaps, rows of grubby houses, shops, schools, 
factories, hospitals, and mines are all jumbled 
together in haphazard confusion 

Phe air has a distinctive sulfurous smell. lo 
nrovine the power and heat for industry and 
homes, creat quantities of poor-quality coal 
mainly brown coal, or lignite—are burned, 
while-the more expensive low-sulfur coals are 
lsrayv 
ed streets add gloom 


to an already dismal) city 


exported for Dred jous DOPE CUPPency, 





skies and dirty cobb 
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mclustrial Midlands of my English chiltihood 
4 retired joer invited me to his home in 


one of the tenement buildings. The rooms were 
snotiess. His wife said she had to wash the cur- 
tains every two weeks and found it almost.a 
full-time job cleaning the apartment. From 
thetr living room window 


nearby smelting works and rigoit into the fur 


[ oul ee the 


naces, which glowed orange and shimmered in 
the intense heat. asked what it was like living 
amid all the foul air and dust 

The jomer lita cigarette: “This is my life, 
he said, “I've worked here for 45 years. It was 
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northern Czechoslovakia, eastern German 
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A RENAISSANCE SCULPTURE on Krakow's Cloth Hall 
melts away, its porous limestone vulnerable 10 air- 
borne sulfuric acid from the smokestacks of the Nowa 
Huta steel mill, just miles away. Western companies 
are lining up to sell scrubbers and other antipollution 
devices to the region's governments, which are af last 
trying to halt indusiry’s destructive march against art 
and nature. Bul leaders are walking a tightrope 
between spending money to clean up the environment 
and keeping their foundering economies afloat. 





cause, forests all over Furope are in trouble: 

Nowhere is this more apparent than mm 
Jelenia Gora, a resort town in southwest 
Poland near the Crechoslovak border, once a 
German-speaking region. Most of the Ger- 
mans left when Poland's boundaries were 
redrawn at the end of World War IL. My guide 
at Jelenia Gdra was bilingual ancl much in 
demande by Germans returning to the hauntsol 
their childhood. As we drove out of the valley, 
winding slowly through densely forested hills, 
he pointed out that many of the trees were 
losing their needles 

“Tt's the first sin of ill health,” he said. 
“The needles get fewer and fewer, and even: 
tually the tree gives up and dies.” We climbed 
through the forest, which gave way to irregu 
lar treeless spaces covered with scrub and 
small birch trees ancl finally opened out into 
what could have been rolling prassiancds were 
it not for the tree stumps. 

“Last year 30 many trees died that the arm 
was called into fellthem,"” he said. *T brought 
an elderly German couple up here, and the old 
man broke down and cried. He kept saying 


45 


how besutiful the forest used to be. He 
couldn't believe how it has been destroyed.” 

We turned off the road onto a rough track. 
“Climb wp there,” he said. “Then you'll 
understand what acid rain is all about.” On 
the way up | nearly fell into a deep gully 
gouged out of the mountainside by water mish- 
ing down the treeless slopes. From a high ndge 
[ saw a forest of stark, gray, dead tree triinks 
extending as far as the eve could see. The feel- 
ing of desolation was overpowering. If the 
chimney smoke has had this 
effect on trees, what could it 
be doing to human health, | 
wondered? 


VERYWHERE | WENT, I 
tried to find out, but 
garbled and fanciful 
stories led me to sev- 

eral dead ends. Someone im 

Bratelava told me about a 

village in Slovakia where the 

people were moved because 
they were dving of cancer 
caused by fumes froma near- 
by aluminum factory. | went 
thereto find that they hal 
been moved because the fac- 
tory wanted to expand and 

have anew road built straight through the vil- 

lage—hardly a democratic decision, but with 
the communist command system such things 

are possible. And it was the factory workers 
exposed to tar fumes released during the elec- 
trolytic process who were petting the cancers, 
not the villagers. | looked into a report of an 
alarming infant-mortality rate in a highly pol- 
lute] East German city. The rate, in fact, 
turned out to be comparable to those of West- 
ern Europe. I listened to frightening tales of 
malformed babies being born, a theme that 
came up so often I asked a psychologist in 

Hungary to explain 

“You've hit on an interesting question,” 
she said. “There could be poisonous chemicals 
in your drinking water, heavy metals in your 
veertables, cancer-forming gases in the air, 
of raclioactivity in vour home, but they're all 
invisible. Fear of the unknown is the problem 

Qur most deep-seated fears are connected with 

il health, death, and the safety of our unborn 

children. That is why we always hear about 

cancersand birth detects when people are wor- 
ried about harmful things in the environment 
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Linking a defect or cancer toa single environ- 
mental hazard is extraordinarily difficult.” 

Common sense says itis unhealthy to live in 
a city with air contaminated with smoke and 
metal-lacen cust, butitis unrealistic to hiame 
the poor health of people living in polluted 
Artes entirely on the fumes and chemicals put 
out by industry. The effect of overcrowded 
housing, unhealthy food, inadequate medical 
facilities, smoking, and alcohol are probably 


much more harmful. Why was everything 
heing blamed on pollution 


when it was obvious that 
better medical care would 
immediately improve the life 


expectancy of adults and 
newborns? 
[ began to understand 


when | visited the State En 

vironmental Inspectorate in 
Halle, Feast Germany, where 
lL was greeted by their press 
officer, Manfred Klima 

“Our organization was set 
up in 1985 to-set norms,” he 
SAid, “and to Measure emis- 
sions -and control them hy 
means of fines. Until recent- 
ly the results were 
however, the West Germans 
applied heavy pressure to have them made 
public, and now we publish them,” 

He showed me his files of 1OR7 and 1988 
with the words “Secret Confidential” crossed 
out. “By keeping the local figures secret,” he 
wenton, “it was possible to present only selec- 
tive heures as national totals given out atinter- 
it i also our job to 
investigate complaints mace by members of 
the public about pollution, We did have a few 
complaints, but the level of interest and 
awareness was rather low 

“Around the time of the political changes in 
the fall of 1989, the number of complaints rose 
enormoausiy, When the communist regime fell 
and the Berlin Wall came down, the com- 
plaints came down too.” He 
explain how the lewel then settled to a figure 
even lower than before the politcal changes, 

In his view the increase in complaints about 
pollution and health risks during the upheay 
ale was linked to opposition to the communist 
regime. It was the only means then ayvailableto 
the people. Open opposition was impossible. 

“With the coming union of East and West 


secret; 


national conferences 


Went on to 
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TROUBLE (5 IN THE AIR for an unmasked worker in 
Magdeburo, Germany, who opens bags of asbestos, 
then feeds them into a hopper io make reiniorced- 
cement water pipes. Prolonged breathing ot asbestos 
multiplies the risk of cancer of the lining of the lung 
ten limes. Compounding the peril: Smoking, epidemic 
in Eastern Europe, increases an asbestos worker's 
cancer risk S0-fold. Such exposure lo multiple cancer- 
causing agents hampers experts seeking to isolate 
ihe effects of intividual pollutants. 





Germany, Kiima told me, “people's con- 
cems have turned to matters of money, family, 
employment, and soon, which are much more 
important ta them than pollution. Actually the 
true level of awareness of environmental prob 

lems in East Germany is very low, and we 
Must ry to Pause it by education,” 

Now things began to make sense. To pre- 
serve the illusion that everything in the com- 
miunist paradise was just fine, the true figures 
were kept secret. Recause those in power were 
quick to stamp out any dissent or opposition, it 
was extremely difficult for people to make 
their feelings known without risk of punish- 
ment. I remembered Protessor Juchnowicz 
telling me that when all forms of political 
oppesition wore banned in Poland during the 
period of martial law, the Polish Ecology Club 
Was spared. Uhe government considered it 
acceptable for citizens to complain about pol 
lution but not about the current regime, so 
with the ecology club asa rallying point, envi- 
ronmental matters became an important focus 
of anticommunist activity 

I remembered seeing in the lovely Gothis 


ty 





it 


~~ J. ‘é . 





HELL'S GATEKEEPER, a worker closes an iron hatch atop a coke oven at the Gross Gasserei siee! plant in Mag 
deburg. The wheeled hopper that faeds coal into the oven is obscured by swirling smoke and gases— including 


ammonia and cancer-causing benzeneé—rising from the inferno. But a more imminent threat to worsers is 
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d lack of salety measures. One false step olf the rail and onto the superheated oven could mean death 
Outdated plants like this use technology abandoned in the West, which lor decades has striven to limit 


pollutants that result from making coke, the fuel for blast lunaces 





ae 


church in Pirna, East Germany, anotice board 
with the titie: “Protecting the Creation.” Cn it 


were photographs of rubbish dumps, factory 


chimneys, and other unnatural and uegly 
things. The message was that humans are pan 
of God's creation and therefore responsible tor 
it. The Protestant Church was, initsown quiot 
WAY, acting asa channel for protest against the 
regime in East Germany, where the ever pres- 
ent secret police made any open oppasition 
extremely difficult 


ment was a pertect way of registering protest 


Concern for the environ- 


without alarm beils ringing in police head- 
juarters, After all, what could be wrong with 


neonle wantmne pure waler, Cheam air, and 


a rubbish-free environment for their children? 

As the communist regimes with all their 
characteristic secrecy and paranoia fell apart, 
the people who were politically active, mainis 


did their best to tell the outsice 


intellectuals, 
world about the poor state of the environment 

Air and water pollution and declining [life 
expectancy in Eastern Europe were pointed 
out-as evidence of the unsatisfactory perio 

mance of the communist system, In place of 
the old message “Look how good our statistics 
are; everything in our communist paradise is 
wonderful” wae the new message: “Look how 
bad everything is; communist rule isa disaster, 

se help us." 
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FROM CRADLE TO GRAVE, East Europeans pay a 
Ieital price for forced industrialization. Alex 
Vermendijiev, 48, worked 275 years amid heavy-metal 
Hust ata Bulgarian copper smelter. A lung-cancer 
victim, he breathes with an oxygen mask as a doctor 
removes fluid from its chest. In southern Poland, a 
premalure baby battles respiratory problems at Kra- 
kow Ss institute for Pediatrics, Experts suspect, though 
(hey have yet to prove, that pollution contributes to 
the region's high infant-mortality rate 


YR th. * 








FONE REASON for people s wish to ¢xacger- effect of poor HVIne comcivions and jaca of 
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YEARNING TO BREATHE FREELY, many East Europe- 
ans become retugees from the air. At Primary School 
10 in Most, Crechoslovakia, children practice donning 
lace masks issued hy the town council for wse on 
suifur dioxide alert days. 

Shrouded in steam mist (facing page), a Hungarian 
respiratory patient finds raliel from Budapest's pol- 
luted airin an “inhalatorium” booth. Some days the 
smog is so bad thal residents of Buda can barely see 
their companion city, Pest, just across the Danube. 





television. T asked him what it was like living 
in the most polluted and unhealthy part of 
Czechoslovakin 

He looked vacant, shrugged, anc started to 
tell me his plans to buy a restaurant. When | 
pressed him, emoke- 
laden air trapped between the mountam 
dup of 
EN nCunecet 
he sand. “Old peopl: arid 
upposed to go out 
at home a 
ve hac both of them im the 
bronchitis. [ siopose it must 
he added, a3 athese were things in life that just 


he told me how cool, 





causes the [requent wee smog in the 


valley. “Sometimes they An emer- 
fency on the radio,’ 
chiloiren are nots ao] keep 
from =chreral 
hospila 


be the bach aur 


my two daughter: 


Wi ais 


with 


have to be me CEpieo 

But what does t laden with cad 
mittm, Muorides, solvents, and 
other pollutants I had heard about actually 
jo to people? | questioned every specialist I 
Came out. The effect of 
absorbing large quantities, 1 was told, 
is well-known, Foréxample, cackmitom causes 
fluorite nuses thick- 
ae nem anc 
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leach, oreerite 





across to try to find 


fairly 


thinning of the bones; 


ening of the bones: lead causes 


Fu 


mental retardation in children; and organic 
solvents have including dull 
ing of the brain and severe liver damage. The 
difficulty is in trying to establish the effect of 
small i antities taken over along period of 
time. WH is the effect 
if cadmium spat fluoride are taken together? 
The truth is that research is 
really knows, 
stances, in particular some chlorinated com- 
mounds and heavy metals, make 
people susceptible to cancer. 
In the getting 
more specific information, ! 
returned to the city of Pragus 
to callon Viacdimir Bencko, 2 
tall, dignified doctor interna 
Known €5 an &nvi- 
ronmental health specialist 
“wow that people here are 
smoking more, how 15 1l pos- 
sible to tell whether their dis- 
eases are caused by smoking 
or pollution?” | asked 
‘This is extremely citti- 
cult.” he sacl, “but there are 
effects on health that can be 
linkie i to specific pollutants 
T here was a 
client 


content. Jt was 
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nobly though many sub- 
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power station in 
hurning coal with 
arsenic depositing 
hall and one ton of arsenic a day 
onto the countryside for 20 miles around. The 
first we knew was a report of bees dying cut 
Then we learned from music teachers of man, 
schoolchildren. We investigated 
found that children in the 
area had a high level of arsenic in their hair, 
blood, and urme, compared with & control 
group. At the power 
were dying from 
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cancer at a younger age than 
other power stations, People living 
near the Power station have an increased risk 
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of developing skin CHANCE Low 
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L asked him what can. be done to remove 
harmful substances from smoke 

“Electrostatic precipitators can § 
percent of particulates,” he 
most harmful part, (anhaled 
fo clean that residue, 
mist be put through a 
limestone shurry to rinse out thie 


emove Ys 
sai, “but the 
ié the remaining 
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TOPSOIL IS HURLED back to earth by a giant digger afler it has been stripped away to reach brown coal in 
Espenhain, Germany. The coal powers several area plants that produce essential electricity—and tons of sulfur 
dioxide. Prior to reunification, dirty-burning brown coal provided 73 percent of East Germany's electricity and 





heal. Thal dependency is expected to drop al least one-third by the year 2000. Czechoslovakia, Hungary, 
Bulgaria, and Romania have historically been less dependent on coal, ulilizing hydroelectricity, natural gas 
ant now nuclear power, In Poland, however, coal use remains high, 





substances. But that creates another prob- 
lem —how to dispose of the toxic rinse water? 
I believe we must consider very seriously the 
possibility of expanding nuclear power.” 


HE PROSPECT of Crechoslovakia turn- 
ing from coal to nuclear power 15 hotly 
debated, I discussed it with Dusan 
Obernauer and his colleague Igor Pim- 
ter, partnérs in a company making geophysi- 
cal instruments in Bratislava. 

Dusan smiled scornfully; “Ten nuclear 
power plants were originally planned, but 
only two are working, one near Trnava. How 
it came to be built there istypical of the system, 
Some party official probably looked at a map 
and said: "This is an underdeveloped region. 
This river can be a source of water, so we will 
place it just bere.” 

“Nobody asked a geologist for advice 
because if they hac, anyone could have told 
them that itis situated in the most active earth- 
quake zone in Slovakia, on a classic tectonic 
fault line. Earthquakes cowld also be a prob- 
lem when they fill the dam at Dunakiliti.” 

The dam, itself highly controversial, is part 
of a hydroelectric project being built with 
Austrian finance on the Danube near the 
Crechosloyak-Hungarian border. It is a 
gigantic undertuking of the “man conquers 
nature” variety. Though proposed in the carly 
1950, when vast engineering constructions 
were in fashion, work began only in 1978. Itt 
an odd enterprise because the turbines are on 
the Danube floodplain {at Gabtikovo) where 
there is very little slope to the ground. To 
achieve sufficient flow for generating electric- 
ity, the Danube will be diverted into aconcrete 
canal 15 miles long, with a large artificial lake 
at Dunakiliti, the upper end of the canal; there 
the water will be held until itis needed at times 
of peak electric demand. To regulate the 
outrush of water, a second dam is needed 
downstrean in Hungary at Nagymaros. 

4Absolutely Stalinist,” was how Juraj, a 
student I met in Bratislava, described it. 
Juraj, a blond and fiery 20-year-old, was a 
Green, a5 Europe's environmental activists 
are KNOWN. 

“Thev'vealready destroyed a major area of 
the floodplain forest, and there’s more to go,” 
he observed. “Tt's a unique habitat.” When 
we went to see the forest near Dunakiliti, the 
Danube was in flood. I removed my shoes and 
socks, rolled up my trousers, and waded 
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through shallow water dappled with leafy 
shadows. The partly submerged forest was a 
sublime world of peace and silence broken 
only by the soft plop of frogs and toads 
in retreat. “They talk about flood con- 
trol.... This is nature's. way,” said. Juraj 
with a defiant wave. 

In a rented car Juraj and I followed the 
course of the huge canal to Gabéikovo. The 
sun bent down, swallowtail butterflies danced 
before us, and the dead-flat, empty farmland 
seemed menaced by the canal’s massive banks 
as they rose above the plain. 

“The canal is impervious,” Juraj said, “so 
the water table on the plain will fall. Then 
they'll have to irrigate —that’s just stupid.” 

At Gabéfkovo, a building site in the middle 
of the plain, controversy over the project had 
brought work to a halt. Cranes and compres- 
sors lay idle, and the site was deserted except 
for a few curious sightseers. We clambered 
around, overawed by the huge scale of the 
canal, shipping locks, and power plant. Will 
thisill-conceived schemeever be put to work, 1 
wondered, and if not, how will the Austrians 
get their money backr 

That evening 1 was discussing the impor- 
tance of industrialization in communist think- 
ing with a group of environmentalists when 
somenne pulled some bills out of his pocket. 
Pointing to a picture of belching smokestacks 
on the hundred-crown note, he said: “Look at 
this, our proudest achievement, symbol of the 
bright future! And how much longer can they 
go on advertising this disgracer” he mocked, 
waving another bank note bearing a picture of 
the Slovnaft oil refinery. 

“In 1972," he continued, “oil appeared in 
Bratislava's water supply, and for months 
half the city had no central water.” Only then 
did it become known that oil and oil procucts 
were escaping from the Slovnaft refinery, The 
point is that beneath the soil, extending over 
70 miles from here right into Hungary, is a 
huge basin about a quarter of a mile deep filled 
with gravel and water. The refinery had for 
years been leaking oi] inte the groundwater at 
the edge of what is perhaps the largest reserve 
of drinking water in Europe. When the danger 
was realized, wells were sunk around the 
refinery ina protective ring and then pumped 
continuously to try to limit the spread of oil, 

“The refinery should never have been built 
there in the first place,” the environmentalist 
said. “The only thing to dois to close it.” 


National Geographic, June T?9] 








EAHAUSTED FAOM PUSHING a rail cart loaded with lead ore, this worker at the IMN Firiza factory near Bala 
Mare, Romania, sits motionless, head in hands, for long minutes, Factory employees work amid thick dust 
containing lead, which even in trace amounts ts known to damage the brain, kidneys, and red blood ceils 
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poorest and least educated section of the com- 





munity. To help offset the un 
gary’s $00 villages with high-nitrate water, 


the government provides a free supply of safe 
drinking water in plastic bars to mothers with 
small children 
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Lire Country. 
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dumps in use today, the map 
would be almost black with 
dots," [was told 
need a different scale to show 
them properly.” 

Cithers at the institute 
apeore a \ the conversation 

“We aah know what to co 
with all the chemicals pro: 
duced by modern industry, 
said one. “We can’t even 
keep track of them People 
don't uncerstand thatit's no 


Waste 
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use burying hatarcdous sub 

lances oF pulling them down old mine shafts. 
if they are allowed to contaminate the ground. 
Water, they will be sources of micro-pollution 
for centuries.” 

‘Harardous wastes,” indther expert, 

‘must be accessible and stored where we can 
Keep an éve on them wnt 
ogy 1s developed 
They oppose every waste dump.” 

night. My Green friend 
hac taken me to a waste dump near 

belonging Bratislava’s largest 
Though it was well thoweht 
Out and guarded by a resident caretaker, Jura| 
to itand every 
other waste dump, however well designed. In 
hit opinion, t ‘should be no such thing as 
[OxLC Waste, 

"Tt's so easy for hazardous 
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deputy state secretary for the environment 
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ABANDONED by their families and by a health-care 
system already pushed past its limits, two girls share 
a common fate in the Home for Children with Mental 
Diseases in Dobromirisi, Bulgaria (facing page). The 
Girl al right has deformed bones. Institutionalized 
close to home in Teplice, Czechoslovakia, mentally 
Hisabled Martin Hofer (below) is able to visit his tami- 
ly every few weeks. Pollution is not a certain villain 

in either case, but in both areas pollution-related 
(lInesses strain meager health resources. 





a year in this country. We 
2,000 illegal landfills 
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He told me abouta recent discovery. Next to 
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United Nations-d 
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reprocessing waste from a paint factory in 
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Out in the countryside I learned that Mlés'"s 
concerns were well-founded. Visiting the state 
farm on the Great Hungarian Plain near Recs- 
EeMmet, Ww 
tages dot the landscape, [attempted to getinto 
the bleak, wire-fenced enclosure where the 
barrels are stored in the open 
-hipped, aproned, middle-aged lad) 
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SWEET SPLASH OF SUCCESS, Hungary's Lake Balaton was heavily polluted by sewage and agricultural 
runoff until the government launched a massive, continuing cleanup. The popular holiday spot provides al 
least one happy ending for those trying to reclaim Eastern Europe's shattered environment. 


i gale looked me over with dishnet 
lack. of enthus After 270 minutes of hard 
she agreed to let me in. I counted 
more than 10,000 rusting barrels there, 
of them already leaking. It seemed only « mat- 
terol ime before the whole storage areca would 
become an unmanageable nightmare 
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¥ THOUGHTS WERE DIVERTED by a 
call of nature, I found my way to a 
lithe shack with two footprints and 
i a hole in the ground, where J made 
my personal nitrate contribution to Hungary's 
Lack of sewage treabment 
sue in wll the countries | visited 

About half Hungary's inhabitants simypls 
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have no sewage system beyond the kind of 


A uarte rT 
e has any form oat treat 


facilities | had been using, and only 
of Budapest's sews 
ment at all: the rest 1 just di scharged into the 
Danube, Though 
cleanse themselves if they are allowed to tum 
ble naturally over litth: rapids and gravelly 


rivers nave the [eh A er to 


are too rarely left alone, Dams are 
create reservoirs 
extracted for irrigation, 
fined by embankments to control hoods; acd 
navigation, or allow Any 
single dam or project itself 
might seem a good idea, but the effect: of many 
added together cain have far-reaching conse- 
quences, aS | learned on a visit to the Danube 
Delta in Romania. 

Nicolae Bacalbasa-Dobtrovici, a 
weathe professor, has 
to the Danube 
knows every corner of the delta 

“Tn the past 25 years,” 
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“man's 
The 
delta is an incredibly rich habitat for birds, 
ish. and other wildlife; but itis literally van 
ishing. When dams interrupt the flow of riv 
ers, their sediment settles, silting up reservoirs 
instead of building up the delta.” 
More than 30 dams now tran sedim 
itself, and dozens 


he tobe pre, 


ent along 
the LDianti te more block 
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its tributaries. Each diminishes the delta. 

According to Bacalbasa-Dobrovici, the 
number of fishin the Danube and its delta has 
dropped disastrously. Flood-control embank- 
ments prevent fish from spawning among the 
submerged plants; and the water ts becoming 
more and more polliated., 

“Tonce saw a 60-mile section of the Danube 
choked with dead fish," he told me. “A very 
serious problem is eutrophication— water 
enrichment with nitrates and phosphates. 
Only a fraction of fertilizers used in agriculture 
is assimilated by plants: The rest eventually 
enters the water system.” 

In enriched, seciment-free water, algae 
grow very quickly. In the daytime the algae 
add oxygen tothe water, butat night they use it 
up. Eventually the oxygen level may fall so 
low that fish and other aquatic creatures die. 
And when the algae die, they fall to the bottom 
and rot, using up all the oxygen. This allows 
the formation of poisonous hydrogen sulfide, 
which can kill fish even out in the Black Sea 
where the river discharges. 

“Under Nicolae Ceausescu an attempt was 
made to turn 250,000 acres of the celta into 
farmland,” said Bacalbasa-Dobrovici. “This 
Wis Gconomic madness, but it was impossible 
to say anything against it.” 

He took me by boat to see Lake Razelm, 
artificially cut off from the sea to provide fresh 
water for irrigation and fish culture. The 
water was bright green, as opie As pea soup. 
Passing through a lock into the brackish Lake 
sinoe, we suddenly came across a group of 
fishermen wading up to their armpits and 
dragging a net through shallow water, As our 
boat swerved toward them, they looked 
afraid: one, trying to make himself invisible, 
turned his back to tus. 

“They are poaching,” said Bacalbasa- 
Dobrovici. “Fishing is not allowed here until 
October, but these are difficult times—we 
cannot be too hard on them. They probably 
don't have enough to eat.” 

We walked along the Black Sea coast and 
saw. the rotting remains of two dolphins. 
Bacalbasa-Dobrovicl shook his head sacily, 
“Th the past $0 years the number of dolphinsin 
the Black Sea has declined from an estimated 
million to about 200,000, We must improve 
the water quality, but how will it be possible 
financially and administratively when the 
Danube flows through eight countries, and 70 
million people live within its drainage area?” 


Host Europe's Dark Down 


is WORDS ECHOEDIN MY MIND. I could 
sre that the Danube's decline, like the 
larger problem of environmental deg- 
radation | hacl witnessed across Enst- 
erm Europe, was.an international concern. So 
what exactly is the “environmental catastro- 
phe” of Eastern Europe? 

Eastern Europe, itseems to me, was devas- 
tuted by what I often heard described as the 
“industrial megalomania” of the 1950s, when 
communist governments were still trying to 
force into practice the hundred-year-old the- 
ory based on Karl Marx’: Communist Mant- 
festo, The industrial revolution in the West by 
this time was also more than-a hundred years 
old, and hard lessons were being learned about 
pollution, waste, limited resources, anc other 
matters Karl Marx had never considered. The 
Eastern-bloc rulers, however, were blind to 
these problems. 

A Czechoslovak friend described what. it 
was like in the 1950s, “We had to live under 
various five-year plans, The bright future lay 
in industrializing as fast as possible. This way 
we would exploit all natural resources and 
gain mastery over nature. The technology was 
often outof date, but we were after short-term 
benefits—there was no thought of the future 
environmental consequences.” 

Now that the Eastern bloc has opened up, 
the most outdated, inefficient, and uneconom- 
ical factories—often the worst polluters—will 
simply disappear, and thousands will find 
themselves out of work. With massive unéem- 
ployment and backward mdustry, it will be 
almostimpossible forany government tomake 
the environment @ top priority, 

Because pollution was used by political 
activists as a stick to beat the ruling commu- 
nists and, as Manfred Klima observed, 
because money and jobs are far more impor- 
tant to-the main in the street, the pollution issne 
willlikely face from the headlines: Thesewage 
and sulfur dioxide, however, will still be there. 
To-achieve the standards we take for granted, 
huge sums of money will have to be spent, But 
whose money? How will Eastern Europe's 
struggling economies pay for these necessary 
improvements, let alone the clean technol- 
ogies We are now beginning to expect? 

Enormous tasks lie ahead, To tackle them, 
East anc West must join together. But will 
Eastern Rurope’s new rulers find the environ- 
ment as important now as they did when they 
were in the opposition? sliaiie 
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By MICHAEL E. LONG 


NATIONAL GEOGRAPHIC SANE WRITER 


Photographs by JAMES L. AMOS 


P TO MY HIPs in the dark swirling 
waters of Idaho's Salmon River this 
frigid November morning, encased 
| in thick neoprene waders and pelted 
by an insistent rain, I feel like a fisherman dis- 
guised as asnow tire. lam casting flies toentice 
a silver bullet of a fish, between two and three 
feet long, called a steelhead because its fore- 
head is gunmetal blue. Though its brain is 
about the size of a peanut, this Pacific salmon 
is completing an epic round-trip voyage of sev- 
eral thousand miles entailing wondrous feats 
of navigation. 

Three years ago myriads of yearling steel- 
head were released in the Salmon’s calmer 
headwaters, hemmed by cottonwoods and 
firs, When the lengthening days and warmth 
of spring triggered physiological changes to 
prepare the fish for life in salt water, they 
began the long drift some 900 miles downriver 
toward the Pacific Ocean, there to feed, grow, 
and roam. One steelhead tagged in Washing- 
ton’s Quinault River was caught by a research 
vessel 3,210 miles from its home river and 
more than halfway to Japan. 

When the migrating mood strikes again, the 
fish are suddenly of one purpose—to return 





from Canada’s northern Arctic set a course for 
incredible sensory systems of migritory crea- 
tures come up with some surprising answers to 


thot persistent question: How do they navigate? 
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oused by the 
—warmih ofa 
| Petyeary sun, 
monarch butteties stir 
from winter bivogacs an 
fir trees high in central 
Mexico. in soning the 
butterflies flutter north- 
ward. Several genera- 
Hons are bom, breed, 
and dle before the fine! 
generation reaches 
far ag Canada. 

When autumn comes, 
that generation fuels up 
on flower nectar and 
flies all the way back to 
Mexion, despite its 
having had no direct 
knowledge of tie route 
or destination. Scyer- 
lists suspect that 
genetic programming 
gives guidance. Gut 
how remains ane 
of the mysteries of ihe 
monarchs’ migration, 
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home to spawn. From widely scattered loca- 
tions they head for the American coast, joining 
steclhead from Oregon's Deschutes and other 
rivers in running a gantlet of drift nets, killer 
whales, sea lions, anc Seale 

Entering the Columbia River estuary, the 
fish must eacape humans with rods and gill 
nets and traverse fish ladders—o series of 
water-filled concrete stairs—-at Bonneville 
and seven other huge bydroelectric dame 
Iznoring the mouths of 
the Deschutes and a score 
af other tributaries, the 
Salmon River steelheacl 
enter the Snake and turn 
left into the Salmon, fight- 
ing their way up the rag- 
ing torrents to the place of 
their youth 

Now with a rude smash 
one of them takes my 
fly and tears downstream 
with my line arrowing 
behind. About 80 yards 
away the steelhead lunges 
from the river, and have 
a freere-frame picture af 
a flash af writhing silver 
that hangs in my mind": 
eve, My line is limp. The 
brute has escaped. Hut I 
feel privileged to have 
observed a fish accom- 
plishing this marvel of 
endurance, survival, ancl 
homing accuracy 


HE STEELHEAD is 
only one of many 
creatures whose 
explorts of naviga- 
tion daunt the mind. For 
centuries people have 
marveled that fish, birds, 
insects, and other ani- 
mals find their way over 
in¢tredible distances to 
preordained destinations. 

“What is most peculiar 
is that each salmon searches the stream to the 
place where he was born,” wrote Norwegian 
clergyman Peder Claussen Frns m 1599, 
“From @ little narrow fjord at Egersund two 
rivers flow. There ts not a bowshot between 
the river mouths, yet each river has its-distinct 
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Pitted with a transmitter after being 
taken from a fishing net, o loggerhead 
turtle designated 04933 enters the 
ocean off Virginia Beach. Tracking by 
satellite has revealed the rowte to and 
from the species’ winter home, 


salmon, so that one can know the.salmon on 
the one river from that of the other.” 

Automotive-age scientists studying the little 
blackpall warbler's fall migration from Nova 
Seatia to South America—in which the bird 
loses halfits weight in the four-day-and-night, 
2,400-mile flight—calculate o fuel efficiency 
equal to 720,000 miles a gallon. 


Monarch butterflies stream from winter 


roosts in fir trees on a volcanic plateau in cer- 
tral Mexico to summer in 
northern latitudes, copu- 

cet | lating and laying their 


| 
lt mel 
<1 


ees atop milkweeds to 
foster new penerations 
alone the way. With the 
old monarchs gone and all 
ties to the ancestral site 
ostensibly cut, an incredi- 
ble thing happens—but- 
terflies that have never 
been to Mexico roost there 
the next winter. 

The fabled albatross 
can teach even a U, 3. 
Navy navigator a thing or 
two. In 1957 scientists 
banded 18 Laysan alba- 
trosses on Midway atoll 
in the Pacific and put 
them aboard Navy air: 
craft bound for Japan, the 
Philippines, the Mariana, 
Marshall, and Hawaiian 
Islands, and the state of 
Washington. 

Released at these loca- 
tions, 14 birds returned to 
Midway. The albatross 
from Whidbey Island, 
Washington, 3,200 miles 
distant, averaged 317 
straight-line miles a day. 
The bird from the Philip- 
pines made its 4,120-mile 
return in 42 days—or 
about 130 miles a day. 
Even more remarkable, 
some of the birds would 
have had te fy circuitous routes to avoid 
strong beac winds, leading researchers to ton- 
clude that “existing theories of bird navi- 
vation do not fully explain their homing 
behavior,” 

Indeed; Freoccupied with the fact that 
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Equipped with the essentials of navipotion—symbeolized by a map to indicate position and a 
compass to show direction—a redstart flies northeast. This night migrant sets its course by the 
stars. Scientists agree that the primary daytime compass for birds is the sun; for bearings on 
overcast dave muy researchers propose earth's magnetic field os a guide, Young birds embark- 
ing alone on their first migration are apparentiy programmed with genetic instructions for direc- 
tionind distance. The map sense of birds and other creatures remains lorgely unexplained, 
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Fine points of sky piloting 


The disappearance of some 
animals each winter fathered 
atronge explorations. Pn the 
fourth century 8.¢,, Aristotle 
theorized that some birds 
hibernate, aon ideo still in 
vogue in 1655, when the Arcit- 
bishop of Uppsale in Sweden 
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opined that swallows winter 
underwater. 

Scientific breakthroughs in 
the 1950s revealed that birds 
use the sun as a compass 
together with an internal clock 
thot compensates for the sun's 
changing position in the sizy. 
Thus in the top panel a pigeon 
(1) that took a bearing from 


the rising sun (2) maintains 
its proper heading regarilless 
of the sun's location (3). 

The inset (4) displays other 
cues: Star potters guide night 
migrants; odors from pine 
trees and other sources may 
provide olfactory markers; 
wind-generated low-frequency 
distances, may also be used by 
migrants. Birds don't need 
amoke to know wind direction; 
pressure sensors in their mid- 
dle ears detect on approaching 
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weather front with its 

The second inset (5) shows 
si mone field of the earth, 
uted by the fluid iron 
mutha in. its core, symbolized 
by a bor magnet. The field 
lines intersect the earth at 
varying angles, called dip 
ingles, which are progres- 
sively steeper at higher 

In theory a bobolink (6) 
embarking on its autumnal 
Hight to South America could 
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gouge latitude by sensing 
the changing angle between a 


gravity vector (7) and the 


local field line (8). However, 
this theory does not explain 

how a bird would determine 
Longitude, 

Conflicting evidence clouds 
the magnetic hypothesis. Some 
scientists find no convincing 
dita te support it. Many sug- 
gest that birds are opportun- 
ists that have a repertoire of 





cues they employ as a situa- 
hon requires. 

Occasionally, bird behavior 
defies explanation. Pigeons 
raised at Cornell University 
typically vanish without 
mown cause when relecsed 
ata test site weet of Ithaca. 
“It's the Bermuca Triangle of 
pigeonry," declares Cornell 
acientist Charles Waleoatt. 





Loess a night fiver orient by stars 
iimagnetic cucs are missing? 
Researcher Kenneth P. Abli 


employs an glectric coll to cancel 


the effect of the local magnetic field 


on Sawonnah sparrows placed in 
iiterted cones, where they oan still 
eee fhe stark 

lhe birds maintain their sense 
of direction despite the loss of magz- 
nehic cues. A sparrow (left) hop- 
erere | cat the ¢ Chnier 
ofa cone leaves tracks in the 


ping from ian ink 


Cppropriate migratory direction. 





ET's OHSERVE THE ANT that sprints: 
Near Maharts on the Tunisian coast, 
Riciger Wehner, a biologist at the Uni- 
i versity of Zurich, introduces me to 
Cataglyphis bicolor, a black desert ant no lon- 
ger than my thumbnail that investigates the 
palm of my hand and tries to pierce my skin 
with lts mandibles. 

When the micdimorning sun berins to sear the 
sands with temperatures that can reach 160°F 
at ground level, these ants 
range from their burrows, 
Wehner explains, search- 
ing for the corpses of other 
insects less heat tolerant 
than they. When it wants 
to, this long-legged speci- 
men still trotting around 
my palm can cover a me- 
ter in about one second. 

“An ant follows a truly 
tortuous outbound route. 
as far os 200 meters from 
home, turning and stop- 
ping frequently,” says 
Wehner. “But once it has 
found prey, it immiedci- 
ately dukes up a straight 
course for home— despite 
all the zigs and zags 
outbound.” 

Since few landmarks 
dot this tandscape, the 
ant’s feat was one of the 
great puzzles af animal 
navigation. Webner dem- 
onstrated that the ants use 
SKY LlIPht As a Compass Cue 
and that their visttal svs- 
tems are especially sensitive to the patterns of 
polarized light in the sky (page 87). 

These patterns are created when raysofsun- 
light entering earth's atmosphere collide with 
air molecules and other particles and seatter in 
nll directions. Bécause most scattering takes 
place in the blue and ultraviolet wavelengths, 
we perceive the sky as blue. 

The scattering causes polarization—light 
that was vibrating in many planes now 
vibrates primarily in one. Distinct patterns of 
polarization are created: The most intense ts 
always 90 degrees away from the sun. 

Theeve of the desert ant has a thousand lens 
elements; a human eye has but one. In their 
Zunch laboratory Webner and his colleagues 
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arctic tern will soon embark on a 
migration that can take it as for as 
the Antarctic, The tern may include 
such geographic cues as coastlines 
cond rivers in its navigational reper- 
toire. At Cape May Bird Observatory 
on a tite. New Jersey comet (RICHIE PeEE) 


mp hannty 
pace it miigiabinng peregrine Jaleon. 





revealed that cach of the ant’s eyes has 80 
lenses dedicated to receiving polarized light in 
the ultraviolet range of the spectrum, each 
from a different point in the sky. “One lens 
from 180 degrees, another from 270 degrees, 
and sa.on," says Webner. 

He went on to convince his peers that this 
lens arrangement gives the ant a sort of celes- 
tial map keyed to the pattern of polartzation. 
“The ant turns its bead when it stops, to 
enable its eves to lock into 
the pattern. This allows 
the anima! to compute the 
compass heading back to 
its burrow. It does this 
constantly. [If an ant 
misses its burrow, it 
begins a search pattern, a@ 
series of loops that usually 
locates it.” 

To test the process at 
Maharés, Wehner built a 
device that books like a 
power mower with a slot 
for movable glass plates. 
These enabled him to 
control the amount and 
direction of polarized 
light streaming to an ant 
beneath. With a smile 
Wehner recalls the spec- 
tacle of “scientists chas- 
ing ants that were trying 
to sprint for home be- 
neath the device, Some- 
bedy wrote that we were 
mowing the desert. 

“What we're trying to 
cort out now 1s bow the 
ant measures distance, perhaps by keeping 
track of how many steps it has taken.” [ts 
technique of compass direction and distance 
traveled is actually dead reckoning — short for 
“deduced” reckoning—practced by human 
navigators for centuries. For the ant, how- 
ever, misreckon and the sun will kill you in less 
than an hour. 


HE CONCEPT that animals might navi- 
vate by earth's magnetic field, first 
proposed by the Russian naturalist 
Aleksandr Middendorf in the 1850s, is 
one of the tiost persistent and controversial in 
the history of navigational theory. 

“To get an idea of the magnetic field,” says 
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looked into his microscope and found millions 
of them. Studving bacteria in mud taken from 
a pond at Woods Hole, Blakemore tad placed 
some specimens on a microscope slide. He 
observed a remarkable scene—the bacteria 
consistenth swam toward the north end of the 
slide. Blakemore joked to his colleagues that 
he had discovered “north-seeking bacteria” 

Puxzicd and skeptical, Blake 
more covered the microscope to 
rule out the influence of lighton the 
hacteria, turned it around, and 
then moved it to another room to 
iry to confuse them. No matter 
what he did, the tiny horde—15 
million bacteria can inhabit a drop 
of water —congrecated inthe same 
orientation. 

A Magnet was brought close to 
the giass and rotated. Incrertibly, 
the horde “swerved in umison,” he 
remembers, attracted by one enc 
of the magnet and repelled by the 
other. Blakemore realized he wus 
seeing something wo one else had 
ever recorded seeing 

Sobel laureate Edward M. Pur- 
cell of Harvyarel sugecsted an 
experiment: Remagnetize the bac- 
teria with ashort magnetic pulse to 
see if they orient in the opposite 
direction. Adrianus Kalmijn, an 
expert in bioelectricity and magne: 
lism now at the Scripps Instituon 
of Oceanography, helper conduct 
the experiment. The bacteria 
reversed their direction. They also 
made when magnetic 
polarity was reversed, Even dead 
bacteria continued to orient! 

When an electron micrograph revealed a 
tiny chain of dense material inside a bacte- 
rium, Richard Frankel at the Massachusetts 
Institute of Technology identified ttas magne- 
Hite, or lodestone, the mineral once usec! in 
compass need|es 


L-turns 


They are swimming magnets,” explains 
Blakemore, who christened the organism 


Aguaspirillum meagretotacticum, “The mag- 
netite literally torques the bacteria into align- 
ment with the magnetic field.” Since the lines 
of flux dip progressively toward the poles, 
“the bacteria are oriented where they want 
to go, down to the mud.” For locomotion 
they use flagella, tiny filaments at each end 
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that whirl at 300 revolutions a minute 


Richard Blakemore and his colleagues had 
made the first unequivocal demonstration of 
an Organism orienting to earth's magnetic 
held, a discovery of such interest that eclitors 
ol new physics and biology textbooks seldom 
pass up the opportunity to include a picture of 
the bacterium, | propose an addition to the 





Polerized light patterns offer a compass cue to many 
insects. Created when suntight collides with air molecules 
in the upper atriosphere, polarized light has a structure 
ondlogous to light passing through the slats of a wernetion 
blind. To make the patterns visible to humans, Melvin 
Krettiien (abowe) of the University of Pittsburgh cleans 
round detectors—his “windows on the invisible” 
embedded ina Plexiglas hemisphere. 

As seen by a camera under the hemisphere (facing 
page), aoces of polorization appear in the detectors as fan 
shopes whose orientations differ according to their 
relotion to the setting sun, ot bottom. Honeybees and 
desert ints employ special celis in their compound eves to 
recognize this pattern, which enables them to determine 
the location of the sun, even if it is obscured. 


picture caption to help stucents remember its 
marvelous qualities: 

Locking a good ceredelinm, 

Aquaspirillum wees magnets ta tell ‘im, 

Which wey fo veeld, 
inife muynetic field, 

But 'e needs a flagellum te propel "im. 

The limerick points up a fault of the bacter- 
um, at least froma navigational pointof view: 
Aquarium i relatively passive. Naviza 
tors an the move, such as birds and fish, 
should have some active means of detecting 
the field. KRalmijn has been pursuing this fora 
long hme with sharks, stingrays, and skates, o 
croup of fishes known as elasmobranchs, 


While dissecting a shark, a 17th-century 
ltalian anatomist named Stefano Lorenzini 
puzzled over the function of glotwlar struc- 
tures connected to pores on the animal's head 
by canals filled with ajellylike substance, Lor- 
enzini first thought he was dealing with 
elands, but the thickness of the canal walls 
“makes we suspect that they are intended for 
another, more hidden function, since nature 
never acts casually,” he pronounced. 

Because of their shape, the structures 
became known as the ampullaec of Lorengini, 
but their function remained hidden until 1958, 
when Kalmijn, then o graduate student at the 
University of Utrecht in the Netherlands, 
tackled the question as his thesis project. 

In Kalmijn's experimental tanks small 
sharks called dogfish prowled until, galva- 
nized by their encounter with the electric field 
penerated by a flounder hidden under the 
sand, they lunged into the sand and grabbed 
the prey, When Kalmijn buried electrodes in 
the sand that mimicked the field of the floun- 
der; the sharks attacked the electrodes with 
fantastic accuracy, biting between electrodes 
just two inches apart 

Kalmijn proved that sharks and other 
elasmobranchs, using their ampullae of Lor- 
enzini, can detect clectric fields as weak as 
five-billionths of a volt per centimeter—the 
most sensitive electricdetection apparatus 
known in the animal world. 

To illustrate the shark's capability, Kal- 
min offers this: “Plant electrodes 2,000 miles 
aparten the ocean floor and powerthem witha 
L.5 volt flashlight battery. That isa very weak 
electric field. Butevery shark in between those 
electrodes will know what you're up to,” 

Kalmijn later put stingrays in a seawater 
tank and trained them to find food in the east- 
ern part of the tank. Next, he encircled the 
tank witha wire apparatus called a Helmholtz 
coil. Sending electric current through the 
wires enabled him to cancel owt the earth's 
magnetic field and substitute another. When 
he changed west to east, the stingrays homed 
tothe new marnetic east, no matter what their 
location was in the tank. 

Kalmiin is now engaged in experiments to 
verify whether an elasmobranch, m this case a 
leopard shark, actually relies on its clectric 
sense when orienting to earth's magnetic field. 

At Bodega Marine Laboratory in Califor- 
nia, marine biologist A. Peter Klimley offers 
another hypothesis: Hammerhead sharks that 
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he studies ata seamountin the Gulf of Califor- 
nia seem to cruise alone minute geomagnetic 
vradients—magnetic highways—that origi- 
nate from deposits of iron in the earth's crust. 
These are local magnetic fields, as distin- 
guished from earth's main field 

Klimley free dives 90 feet into a school of 
hammerheadsand, withaspear, implants into 
a shark's back a dart tethered to a transmit- 
ter—an exercise the former college swimmer 
shrugs off as “routine.” The shark leaves at 
dusk to feed and retumis in the morning, tele- 
metering its location to a bout in hot pursuit. 

"My eureka moment was the first track, 
when the animal went out 12 miles, turned 
around, and came back,” he says. “Shark 
tracksare not always straight, butthey re very 
directional. Sharks all seem to go outand back 
long the same paths. That indicates they are 
onenting to sone simple, fundamental fea- 
tures, Which Lthink are the magnetic gradients 
inthe seafloor 

Klimleyv rates the shark's ability to detect 
the tiny gradients as ‘extraordinary, perhaps 
so keen that it cannot be measured with any 
device thal we know of.” 

To prove his hypothesis, Klimley wants to 
enlarge his research on the geomagnetic prop- 
erties of the seafloor and also to capture and 
relocate sharks to see if they seek out areas of 
strong gradients —the “highways.” Fearful of 
injuring a shark through capture by hook and 
line, Klimley wants to find a better way. 

“People think I'm joking when I say I’m 
coimg to lasso a shark,” But he has already 
checked it out by grabbing acruising hammer- 
head by the tail—prospective target of the 
lasso —and hanging on foraride. “Theanimal 
accelerated a bit hut did not appear to mind.” 


fr SOME ANIMALS IM) POSSESS a magnetic 
cen, why not humans? The possibility 
excites Robin Baker of the University of 
Manchester in England, a theorist of am- 
mal navigation and perhaps the mast volumi- 
nous writer in the field. ‘To test this, Baker 
blindfolds students and takes them on a long, 
circuitous trip away from the university. Then 
he stops and asks the students to locate it by 
pointing. Baker concludes that enough. stu- 
dents point with sufficient accuracy to suggest 
that humans have such a magnetic sense. 
Intriguing as this idea may be, other scientists 
have not been able to replicate the results of 
Baker's experiments. 
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That desert aunts wee polariced 
light patterns in the sley for 
compass information as they 
forage was revecled by biolo- 
gist Rudiger Weliner (top left, 
at left). Wehner stands on 

a prid of one-meter-wide 
squares near Maohares, Tuni- 
sta, to chart the movements 
ofa single ont as if maneuvers 
beneath a trolley pushed 

by an assistant. Though a 
shode blocks direct suntight, 
the ont tikes a bearing from 
polarized light. Wehner has 
more recently discovered that 
the ants wee color patterns, 
including ultraviolet light— 
invisible to hnomons—as a 
arcoOndary corpse, 

How do ants reckon dis- 
tance? By counting steps, an 
experiment suggesis, Ain ont 
exits tts burrow, surrounded by 
a pentaponal bax (left). The 
insect proceeds to the end of a 
tern-meter track, where an 
Ussistint gives it a morsel and 
ploces it in a longer track, 
Where the ant hedcas for home. 
Many stopped af about ten 
meters, looking for the burrow, 
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Volunteering a5 an experimental subject 
during a visit to the university, I was blind- 
folded and seated up front in Baker's car. I 
resolved to keep track of the direction and 
turns— “Most people try that,” Baker said — 
but soon gave up because of his relentless turn- 
ing (three times around one traffic circle), 

After 20 minutes or so, Baker stopped the 
car and instructed me to point to the univer- 
sity. Then he asked, “Point to north.” That 
starfled me. Unfamiliar 
with Manchester, I had 
no idea of north on this 
overcast day even when 
we started. But | had a 
feeling.and pointed, 

Baker told me that I 
had pointed 15 or 20 de- 
grees to the right of the 
university and that I had 
indicated south instead 
of north—"That’s not 
insignificant,” he said 
“You were on the same 
nxis—only you picked the 
wrong pole.” 
MERGING from 
its nett on the 
beach, a turtle 
hatchling t con- 
with a life-or- 





fronted 
death question: Where 1s 
the water? 

“The conventional hy- 
pothesis holds that hatch- 
lings head for the brighter 
half of their world, the 


horizon out to sea,” says 
biologist Michae! Salmon 
of Florida Atlantic Un- 
versity at Hoca Raton 

Investigating this, salmon built an arena in 
the laboratory to simulate the light and dark 
areas of the beach environment. He tested the 
responses of green and loggerhead turtle 
hatchlings to these cues, as well us to the slope 
of the beach. 

*'The most important factor is the dark sil- 
houette of vegetation and dunes to land- 
ward,” savé Salmon. “Hatchlings simply 
crawl away from these objects, a response that 
directs them toward the ocean.” He also found 
slope to be a secondary cue for greens but not 
for lougerheads. Brightness came into play 
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Despite frosted lenses placed 

over its eves to deprive it of visual 
londmarks, a pigeon will still return 
te the vicinity of its loft. Biologist 
Klaus Schmidt-Koenig supervises 
the release of pigeons in ao field near 
Tiibingen, Germany (facing page). 
In pioneer work published in 1958, 
he first doctiimented the existence 
of a time-compensated sun compass 
in honing pizcons. 


only when slopes were slight and silhoucttes 
were weak. 

There is no explanation fora turtle’s naviga- 
tional prowess in the open sea, including the 
astounding 2,800-mile round-trip journeys 
that greens make between Ascension Island 
and Brazil. Salmon theorizes that they detect 
wave motion — nearly constant in direction in 
this belt of trace winds—and may use that in 
connection with earth's magnetic field tonavi. 
gate. Another ideas that 
the animals use their sense 
of smell, which brings us 
again to the salmonids 

Like Peder (Claussen 
Frias, the Jo6th-tentury 
Norwegian clergyman, 
U.S. ‘scientist Arthur 
Hasler had a persistent 
curiosity about homing in 
ealmon, but it took a com- 
bination of circumstances 
to satisfy it. 

At the end of World 
War I], Hasler’s profi- 
ciency in German led toa 
job with the U.S, Strate- 
gic Bombing Survey in 
southern Germany. One 
weekend he finagled a 
jeep to seek out Karl von 
Frisch, discoverer of the 
honeybee compass, in his 
summer home near SL 
Gilgen, Austria. Bombs 
had destroved the scien- 
tist's home and labora- 
tory in Munich. 

As von Frisch records 
in his book, A Brofogist 
Remembers, he was anx- 
lous when the American 
jeep drove up. But when Hasler “asked after 
me and my honeybees,” the scientist relaxed 
That summer they became fast friends. 

Von Frisch told Hasler about hie discovery 
of Schreckstoff —fricht substance—a chemi- 
cal emitted when the skin of a minnow is bro- 
ken by a predator. Scenting tt, the -other 
members of the school immediately disperse. 
That fish could have a keen sense of smell 
impressed Hasler, 

Cm vacation later in Utah, Hasler led his 
family to-a favorite waterfall of his boyhood. 
“As we approached, the waterfall was hidden 
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Enthusiastic on hearing about the salmon, 
Lorene termed their homing behavior a“ won- 
derful example of landscape imprinting. 


MOTHER THEORY surfaced in 1968 

when Hritish scientist Roy Harden 

Jones that the imprinting 

of a migrating smolt is not a one 

stot occurrence but a sequential process that 

takes place continuously as the fish moves 
downstream, 

In Norway another biologist was coming to 


arruect 


his own conclusions about salmon homing. As 


Storch of Antal Navigation 


1 voung man, Hans Nordeng fought against 
crack German troops in the 1940 battle for 
WaTVik, After the war he took a degree in biol- 
OfY, (tlurning to his home near the Salangen 
River in northern Norway to study the migra 
tion of salmon, trowt, and char, a fascination 
since bovhicel 

While tagging fish, Nordeng observed that 
soon alter the smolts descenced the river, the 
adult heh would return. Something about the 
smolts must be triggering the adults’ return 
That something, Nordeng-claims, t an odor 
distinctive to a genetic stock of salmonids, a 
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vou have truly amazing senses thal 
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have shown that other birds appear to take 

their primary heacings from star patterns 
From anywhere in the United States, it can 
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Compurer imagery plots the electric field gen- 
eroted by a fish motive to murky waters, which 


Must semis tis eironmment throwurch fluoctua- 
Lons in the electric current, (4A similar fish is 
siihauetted ot bottom in this double expo 
sure.) The fish generates and discharges cur- 
rent fore and aft in cirenlor bulges. Color 
boris denote zones of equal voltage, When 
an intruder impinges on tts field, the fish 
detects the resulting change in current 


through pores in its skin 





After enticing honeybevs to visit a jar containing sugar syrup and honey, biologist Pred ( Dyer 
brushes them with o telltale pink pigment so they'll be easier to spot in flight. The Michigan State 
Liniversity scientist has discovered that bees returning from foraging take becrings from a 


sequence of familiar landmarks analogows to visual stepping-stones, 





Chowing down of Dhrer's feeder, some bees wear mumbers the scientist glued on for posttiwe tien- 
tification. After returning to o swarm, number 50 wugeles her body to communicate the direction 
and distance of the food to other bees, which obsene closely. Orientation of the dance relative 


to the sun gives the course to the food, Duration of the dance tells the distance 


Andes. You have excellent vision, but-even 
when scientists try to confuse you by putting 
frosted lenses over-your eyes at a release site, 
you still make it to the vicinity of the loft. 

Indeed, you even home correcily when 
researchers transport vou to the release site 
under deep anesthesia or inside a rotating 
drum. However, magnets placed on your back 
seem. to disrupt your initial orientation wider 
an overcast sky—though you make it home. 
Interference with your sense of smell also 
seems to affect your ability to home. 


OW TELL Us, worthy bird: Though 
researchers have come to some 
AZTEEMCnt 01 VOUT COMPRES SENSE, 
what do you use for a map? 

At this moment a taut silence descends on 
laboratories around the world. So quict one 
can hear the coo ofa single pigeon. Not one of 
all the men and women who have studied your 
sensory abilities and observed your behavior 
has-been able to answerthat question ina man- 
ner that convinces a jury of peers. 

The principal hypotheses are two—olfac- 
tory and magnetic, Although a pigeon's sense 
of stell is just average compared with other 
birds, pigeons seem to have a wonderful mem- 
ory for wind-borne oclors, according to Flor- 
iano Papi of the Department of Animal 
Behavior at the University of Pisa in Italy. 

Papi explained to me that a pigeon remem- 
bers the direction from which particular odors 
come and somehow organizes these recollec- 
tions in a cartographic fashion. Thus when a 
Pireon is released at a new site, it determines 
its location by an olfactory map and then uses 
the sun toe take up a compass heacling for home. 
But the chemical cues it presumably receives 
have not been identified, and Papi's hypothe- 
518 has been met with skepticism, 

Those of the magnetic persuasion argue that 
the earth's magnetic field, with its varying 
Intensities and dip angles, can give map infor- 
mation to an animal with senses keen enough, 
But most agree that this would anly provide 
information correspontling to latitude. A 
navigator also requires longitude. 

Wolfgang Wiltschko of the Johann Wollt- 
gang Goethe University in Frankfurt, Ger- 
many, has labored tirelessly in magnetic 
research since his 1965 demonstration, with 
his mentor, Friedrich Wilhelm Merkel, that 
European robins use a magnetic compass. 
But Wiltschko stops short of claiming 





Secrets of Animal Nowtgation 


that magnetic parameters create a map. 

James L. Gould, a biologist at Princeton 
University, says a bird's “map sense seems 
likely to retain its status as the most elusive ancl 
intriguing mystery in animal behavior," 

Do you remember Richard Blakemore's 
mapnetic bacteriar They precipiteted an ener- 
getic search for magnetite in other creatures. 
Scientists reported finding it in tuna, salmon, 
honeybees, pigeons, turtles, and even in hu- 
mans. Papers were written hypothesizing the 
use of magnetite to navigate, 

Robert C. Benson of the State University of 
New York at Geneseo has been studying the 
bobolink. In the fall bobolinks from North 
America rendezvous on the constof the Caroli- 
nas, forged to twice their ordinary body 
weight —fuel for the 1,600-mile flight over the 
Atlantic to Venezuela. The birds work their 
way south as faras Argentina. There the male, 
in molt, acquires the bright black and white 
colors that earn him his Spanish name, chorie- 
lin, ortockster. 

Beason and a German co-worker, Peter 
Semm, report that cells in the ophthalmic 
nerve of the bobolink are sensitive to magnetic 
field changes—generated by a Helmholtz 
coll—of as litth as 0.5 percent of the earth's 
main field. They hypothesize that thiscapabil- 
ity “may be involved in the detection of the 
magnetic map used for navigation.” 

Beason plans to remagnetize bobolinks, as 
Blakemore and Ralmijn remagnetized Agua- 
spirilium, “Tf the remagnetized birds orient 
differently from normal birds," he says, “that 
points to a transducer in the bird that utilizes 
Inagnetite, or a similar compound, to convert 
matnetic information inte nervous invypulses 
that are involved in the orientation.” 

In 1977 Michael J. M. Leask, an Oxford 
University physicist, published a complex the- 
ory with the startling suggestion that a sensory 
basis for magnetic information muty lic in a 
photoreceptor in an animal's eve. In other 
words, an animal may “see” a magnetic field. 
Leask’stheory excited John B. Phillips; a biol- 
ogist now at Indiana University. 

After 12 years’ work, Phillips believes that 
he has established a link between the visual 
system anid magnetic field sensitivity in the 
blowfly and a migratory salamander, the red- 
spotted newt. But the goal remains. “I 
haven't yet tapped into the receptor that has 
actually given up vision todo magnetic recep- 
tion,” he says. 


Gi 


4 
ifs Minetiier a 
- tte = i. oo 1 


. - 7 7 =e 
son. But Lona Cerin 


Fi : ‘i s i = awd > . 
ny critics of the magnet ne pigeon could burie 


i t a = ] 
“Th re reating lel id, simultaneousiy 


ie 
the earth ‘otafion on its thight 
ols effect, named after the French engi 


scriteed it. Yeagley argued | 
Cones information would cr 
sigational eric work” akin to line: 
Melvin KRreithben ff we are roing i. cand longitude, thu: suppiy ing tnt 
tani Animal HaAVieal for position fin 


L i B : ij ; i | 
eensory channel experiments w Listnisse 





Dusted with harmless pigments that fluoresce 
under witraviotet fight, kangaroo ritts (left) ore 
loosed to roam Nebraska's Sand Hills at nietit 
Fallen prement muirks their troils (below), 
enabling biotogists at the Uniwersity of 
Webruska State Museum to chart the rots 
comings and goings. How they keep their 
Cries PeTins one more mystery of anitial 


novigotion to be solved another day. 
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lice Pleasanmce Liddell, 
daughter of the Dean of 

iy Christ Church, Oxford, had 
a special friend named 
Charles Lutwidge Dodgson. 
He was a shy, stammering 
= mathematician, starchy as his 
) high, stiff collar. Yet in 

_-7 the presence of a child he 

i became the witty, affection- 
ate Lewis Carroll, storyteller. 
Alice was ten when he told 
her a tale abour a little girl 
who falls into a rabbit hole. 
Published as Alice's Adven- 
tures in’ Wonderland, it 
immortalized them both. 


7 Wonderland 
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caf T THE EDGE of an English 
meadow a rabbit expert 
flipped through my copy of 
Alice's Adventures in Wonder- 
land and stopped at the pic- 
ture of the large, white 
rabbit studying his watch. 
— “Onyctolagus cuniculug,” 

John Sandford, chairman of the British Rabbit Council, 
pronounced. “An albino. Pink eyes, you know. Absolutely 
domestic. Can't survive in the wild.” 

Pointing to a hedgerow, he showed mea rabbit hole, 
guarded by bramble and nettle. 

“Unlike the one Alice fell into, burrows never go straight 
down,” he said. “They run parallel to the surface.” 

He snapped off a twig from an overhanging tree and 
dropped it into the hole. It went straight down. 

“Strange, he said, and stooped for a closer look, 





CHARLES LUTWIDGE DODGSON, the shy Oxford don who 
wrote Alice under the pen name Lewis Carroll, would have 
been delighted. He reveled in the unexpected. In Alice and 
its sequel, Throwgh the Leoking-Glass, he celebrated manic 
absurdity. In his tales, logic spins like a carousel ("If you'll 
tell me what language 'fiddle~de-dee’ is, I'll cell you the 
French for it! "). Puns teeter on the brink of outrageous (a 
tree can bark: it says “boughwough"). Words dance with 
joy ("OQ frabjous day!""), — 

Even his pen name was a play on words. He transpased 
Charles Lurwidge, transformed it to Ludovic Carolus, and 
emerged as Lewis Carroll, 

Ina moment of pure magic, on a summer day in 1862, he 
conjured the story of a selfassured young girl who tumbles 
through a rabbit hole into Wonderland: by turns shrinks and 
grows; mects the frenetic March Hare, the apoplectic Queen 
of Hearts, a mad Hatter, and a hookah-smoking Caterpillar; 
attends a mad tea party; and plays croquet witha flamingo 
mallet and a hedgehog ball. After the adventure she awakens 
ina meadow: Surely it was all a dream —or was it? 

Dodgson loved children. But one was special, a little girl 
with haunting eves named Alice. It was to please her that he 
created Wonderland and changed the landscape of childhood. 
What chemistry between a fussy Victorian don anda child 
could produce such a watershed of delight in English letters? 

Dodgson would seem an unlikely choice as creator of any 
wonderland. Lecturer in mathematics, never married, deeply 
religious, he left Britain only once, for a tour of the Cont- 
nent, and spent his time viewing cathedrals. 

Yet his imagimation danced on the boundary between 
dreams and waking. 

_ Ais prolific mind produced learned works like Euclid and 
His Modern Rivals; a masterpiece of nonsensical verse, The 
Hunting of the Snark; pocery in Phantasmagoria and Other 
Poems; a novel about fairies, Sylvie and Brune. He wrote on 
social issues (opposing vivisection. favoring the education of 


The Wonderland of Lewis Carroll 


“Tl had sent my heroine straight 
down a rabbit-hale.. . with- 
aut the least idea what was to 
happen afterwands, "It was 

July 4, 1862, when Dodgson 
rowed Alice and her sisters up. 
the Thames in Oxford and, at 
their request, told a stary. 
Begged try Alice to wrrite it 
down, he complied and gave it 
to her as agift. Published in 
1865, Alice was first and most 

famously illustrated by Sir 

John Terniel, His White 
Rabbit (belour) finds a coun- 
terpart ina modern production 
by the Parasol Children's 
Theatre of London, Puppetry 
was a favorite childhood 
pastime for Dodgson, eldest 
fon Wa family of T3. 
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A tail’s tale; Dodgson metiai- 
lowsly pasted up the “Mouse's 
tale’ from Alice to guide his 
printer. But the perfectionist 
in him could veer into old- 
bachelor fussing. He pestered 
illustrator Tenniel with such 
advice as “Don't give Alice so 
much crineline."’ Pushed by 
Dodgson to use a model to 
draw Alice, Ternnie! retalt- 
ated, saying he needed a model 
as much as Dodgson needed a 
multiplication table. 


oo ahd hee idea of the tald was sommnthing Hike 








street past its handful of redbrick houses faster than you can 
say “frumious Bandersnatch.” The parsonage, a mile or 0 
away, Where Dodgson lived as a child, burned years ago. 
Nothing remains but the rubble of a pasture well, capped 
to prevent the blackface sheep from falling in. 

Qultram picked up a pebble from the rubble and handed 
itto me. “Dodgson had quite an imagination as a child. He 
made pets of snails and worms and sent them inte imaginar 
bateles."” 

“But about that Cheshire cat: .. ," 1 prodded. 

“We don’t know for sure where he got the idea, but to 
‘grin like a Cheshire car’ was a common expression in his 
day.” Possibly it originated from a popular Cheshire product 

of the time: cheeses molded in the shape of a cat. 

"Of course, if you want the real animal,” Ouleram said, 
“vou might check the Cheshire Area Cat Championship 
_..¢xcept that it’s held in Wales!" He grinned, eyes blue asa 





Siamese. 


“You see, there's simply no venue in our county large 
enough for the show.” 

The improbabuility 
index continued to soar. 
Fitting, no doubt. Hadn't 
understanding Dodgson 
been likened to dissecting 
asoap bubble? 

Stull, every so often a 
pe tel clue dropped, a bit of 

ii tine menserabilia carrying 
the faint perfume of 
childhood. 

Inv a MUSEUM case In 
Rottingdean, England, 
there is a. set of minia- 
ture carpentry tools 
Dodgson whittled for 
his sister Elizabeth 
when he was 14: a tool- 
box the size of a match- 
box, a toothpick-size 
chisel, mallet, and saw. 
In them you may 
glimpse his world of 
play, which would find 
form in the Alice 
baoks: Dodgson, the 
child, full of small- 
scale whimsy and 
brotherly affection 

He dressed tn wig 
and robe to perform 
magic for his siblings; he wrote plays for a puppet the- 
ater he helped build. Asthe eldest boy, he nurtured the 
others, inventing games and storics. It was the begm- 

ning of a lifelong love affair with children. 


asm A ToNm TALK +? 


National Geographic, June 100] 


When Charles was 11, his father was appointed rector 
of Croft, Yorkshire. There, in a wind-blasted valley in the 
remote northern countryside, Charles produced his first 
works. He edited a series of magazines for a select audience: 
his family, The magazines, Mischmash, the Rectory Limbrella, 
the Comet, and others brim with puzzles, parodies, and 
verse: entertainment for afamily isolated in a pastoral 
landscape, 

ft was a childhood remembered in happiness, constramed 
by strict discipline and piety, warmed by laughter and love. 

We know litde about his mother, other than that she was 
gentle and, with 11 children, totally preoccupied with raising 
afamily, More influential was his father, Charles: His idol, 
tutor of his early years, an austere, high churchman who 
inculcated m his son a rock-solid Christian morality. Dodg- 
son would call his death, in 1868, “the greatest blow that has 
ever fallen on my life.” 
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= HATS ONE and one and one and 
one and one and 
one and one and one 
and one and one?” 
The White Queen's 
: * question in Looking-Glass 
comes to mind as Psitin on alesson on qua- 
dratic equations at Rugby School, among 
the upper crust of British public—ac tually 
private—schools. [tis located in the town 
of Rugby, in England's midsection. 

Dodgson was 14 when he arrived, 
an awkward age exacerbated by his shy, 
sensitive nature, It was a liability in a 
place where heartiness was a ticket to pop- 
ularnity. Dodgson was not sports-minded_ 
Rugby, birthplace of its namesake sport, 
was. He played cricket once and was 
quickly pulied off the team. He was teased 
and bullied. There was no privacy, no 
cscape. | 

The school librarian showed me Dodge- 
son's old dorm building, School House. 
“In those days,” she said, “the butler 
would lock the boysinat night. He'd slam 
the heavy doorshutand say, “Good-night, 
gentlemen.’ " 

The dorm, barracks-room bare; was-a 
monotony of beige walls, shadeless win- 
dows, rows of iron beds. “The boys take 
pride in the Spartan mature of this,” she 
said. Dodgson, I suspect, wouldn't have. 

His letters home were chatty, fill of 
news about academics. He won prizes in mathematics, com- 
position, classics, and divinity, Bur the letters were silent 
about his feelings. 

Later he wrote: “l cannot 


The Wonderland of Lewis Carroll 


(Continued on page 1716) 


In a realm somewhere beneeen 
dream and nightmare, Alice 
stands among monsters. Dodg- 
sont sketched fi igures for the 
nianniscript version of Alice. 

A likeness of Alice Liddell 
appears in the upper left 
corner; q possible self-portrait 
peers out from behind the hip 
of the standing Alice, Hoping 
to illustrate the published 
Alice himself, Dodgson 
consulted art critic John 
Ruskin, Hire a professional, 
Ruskin advised. 
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Alice’s 
curious 
adventures 


5 lunge into this rabbit hole 
and explore the wonderland 
“created on a summer day in 
1842. Passing strange that Chesh- 

. Ire Cat, not to mention the Cater- 
pillar with the suspicious hookah, “Curiouser 
and curiouser™ Alice found them. 

Watch the line between real and make- | 
believe dissolve. The Gryphon describes a ’ 
Victorian schoolroam, The “classical mas- 
ter” teaches Laughing and Grief. The Duch- | 
ess, like a dotty governess, is fond of finger- Al ala! 
wagging moralizing: “Ifeverybody minded Veit 
their own business, the world would go 
round adeal faster than it does.” 

Alice steps straight out of a Victorian 
England of high-walled gardens, overstutted 
furniture, nurseries, nannies, and well- 
behaved children. Here Britannia rules eter- 
nal and ever so proper... just behmiel that 
cat with the disconcerting grim. 

In'an age of children genteelly bound 
by “mista's” and “shan't,”” Alice breezes 
in, slightly naughty, utterly charming. 

A benchmark in children’s literature, 
Alice lacks the molasses of pious rectitude 9 
dnopping from books of che era. 

“Everything's got amoral,” says 
the Duchess, “ifonly you can find it." 

Everything except this book. It is 
pure fun, written not for money and 
not for fame, Prodgson said, but for the 
delight of a child he loved. 

Alice also transcends time and place. 
Translated into more than 50 lan- 
ruages—Arabie to £ulu—depicted by 
artists from Dali to Disney, it has been 
concertized, dramatized, and filrned. 

And analyzed. It has even been 
pronounced full of “preponder-  o- 


fo lt etarts with Alice's f iyi r = 
plunge down a hob in od 

- pursuit. of « White 

Rabbit with « watch. 

“Would the fall newer 

come Lo an end?” 

















“Drink moa,” aaya a bottle She 







A f dows and shrinks but 
ant oral sadistic trends'of = oe DMs ices on the table, ste 
cannibalistic character.” <. of Alter ripe i Aahecslemaen 


One might as well try to 
gaina tochold ona cloud. 
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i Py Tha Queen of Hearts makes some tartg. 
| The Kinave of Heart steak them, — 
"Sentence firat—yordict afterwards,” 
say the Queen. So goes legal 
procedure in Wonderland. Fed up, 
























Alice plays her trump: “You're nething | “A Mock Turt anc Gryphon 

OM 4 bet'anack ofeard a!" As the cards dance a: okster-Ghug tlie 

be). Ay up. she wakes from her dream, == | pg The Turtle sings several | 
a a | = = choruses of “Turtin Soup.” 








The Grypheo calla for an 
encore, but acery of “The 
trials beginning!” interriptex 
and all push off, 







Y At last Alice finds herself tn 
the lonoed-for garden, 
Playing-card characters 
scurry around. Everyones 
twitchy, Thea Queon of 
Hearts likes te shout, “Off 
with their beads!” The 
Queen demands a game of 
























it | nie i“ Hearing the White * les. ol the Cheshire 
| —  £ Sheenters the White “yo Rabbit outside, she Cit fades Wand out: 
/ —ae Rabbit's house and has for him. Crash! She attends a tea ‘ 
paid for space, nied Bee hcaieiiaeel includes a ahs 
she puts an arm out riarrig. ea , 
the window, a feat up renee 






rretiide whe Marge 
anoazing aff. Tho 
hiatter and March 
Hare dunk the Dor 
mouse inka the 
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She's tiny Alice once more. and taunt 
meets a rath ag He sen that ne 
one wide of the mushroom will i. 
rake her grow tall, the other o 







side short, Sizing herwelf up 
takes some trial and error. 










On doy after if 

Alice cursupinachalr, She = | 

holds her Kitten: Hp. t0.the nai 
pdr rmmnsrnngis eisntrig 


Atrip through = 
the looking- ee 
glass Pe: 


Yn the elastic 
universe of 
Through the 
Leoking-Celass the 
laws-of nature are 
repented: A cake is handed 
round first and sliced wp after- 
wards, To go toward the Red 
Queen, Alice walks away from her 
Such witty inversion reflects 
amund, says scholar Martin 

























a shi the Red Gurren au ea 
marked out lion a chessbhe 

pail Red Quen exoplaine, “lH oie 

all the curening you can do, to keep in the 
same place.” Alice says she wants 

to be a queen. 






“hy another moment 
Alice was thraugh the ) 
and had jumped Ina loaking-glass gar- 






Ea ; dan, the meett earicu 
Crardner, that “seemed to function _ ght a coin tothe flowers, veritable cial 
best when he was seeing things aa soe chews olecaai | all flaw: 
upside down.” Dodgson often a aedgedary one 


amused children by playing 
music boxes backward and wrote 
letters beginning “CLD, Unele 
loving your,” and endmg “Nelly 
dear my." 

As Wonderland plays off cards, 
Looking-CGlass, published in 1871, Pio 
takes the form of a chess game. Alice | — <5 sh 2 . 
















progresses from pawn to queen, Pach of the sound and 

It isa progression crowned with fey tabene rose wactas ihe an : The Red Knight and 
the glory of inventive language. Y- | hee Poin es the table “lca'n't Slghth square; she's rela Knight out 
Dodgson teases with sleights of : . stand this any longer!” Alice crowned queen. The — cig “They” are the Linn 

) sayn She-grabs and shakes the Red «ted Queen invites the Krrichie— «fete tut d the Unicare 

tongue and conjures words from - Sie, wie dlasolves Inte a kitten. ty cao hare dual psiary f Rad 3 “fighting for the 
alr. In the Looking-Crlass poem vida < ‘ re Alice's unr post —) wise re = —— i th J . crown, A time-out for 
“Tabbe rwiock ¥i ™ he folds rwo | } i * 3 . : who knows nothing f : : A j a a! - i fi) ~t 3 Bik ii tinpcall 
words into ane, producing | =) sh! hal a party, TA | ) Dads _— Se CS thously site down 


chortle (chuckle, snort) and _ aacwee the — 


galumph (gallop, triumphant), 
words that endure 

“It seems to Hill my head with 
ideas," Alice says of that magni- 
Heent jabber, “only I don't 
exactly know wharthey are!” 
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- mirror—hnage schoci— 
| beya, short in stature 
She mist otart off as cua temper. be 
a pawn. Her frat diedes gets folded up 
mowed lands har in ) in bls umbrella: the 
square four, home to two decide to 
Tweedledum and “Fight till giv, and then 
Tweedledes. Thay have dirtier.” a 
rocite “The Watrus / 
and the Carpenter,” mt 
nigh af cob- nr + | 
whic heey see ho ee The White Queen has 


ends with an oyster 


turned inte a sheep, 
faant, the 


¢ a. tenitting in ashe. Th 
i — knitting wath 
‘ll multiply. The sheep 
MY hands Alice a palr of 
meedhes, whirk 
turn inte oars. How 
convenient — thoy 
seem to be jn a boat. 
Alice qeta knocked 






All the king's horsee and all 
bbe king's men come running, 
The White King is busy writ- 
ing In Khe rrotebook, A tmee- 
teiiger arriyen, a beg slung 
over his shoulder, and 
shouts, "They're at 
it again! | 
Fae inauphcaoly back in the shop, Alicne 
ama ask for an egg. The egy nxpatige 
a \ It turers jrto Hurapty Dureby, 
who discourses on un birt = 
There are 364 dan “whenyou = Ge a 
mignt get un-brthday Sh Las 
presents... And only ong for a. 
birthday pragents.”” Alice ct a | 
and heart @ trereadous cra, 
ater tn, . 
Prt, oN 









(Continued from page 109) say that] look back upon my life at 
a Public School with any sensations of pleasure, or that any 
earthly considerations would induce me to go through my 
Fair. 

After Rugby's ordeal came Oxford, the rreat old univer- 
sity 35 miles trom London. To envision the school as it 
ippeared to LIodgson as a first=v ar underg actuate m LHS. 
walk through the lush expanse of Christ ¢ sina to 
the footparh that edges the Thames, Look back Ey rom there 


tree Vears a 


=P St = 











| | ® _ 
is all spires and towers, and parade columns of plane 


Chxtord ts 
trees set agamst a limpid blue sky, 

The uriversity shelt ers 36 college § Under its maternal 
wing. Balliol is intellectual, so the labels go. Dnmity, sport- 
ing. And Christ Church, whose dean heads both the college 
and the cathedral, cannot shed its reputation as a reserve 
of the privileged. It was ta Christ € hurch that Dodesan 
followed his fathes 's footsteps 

‘The dons smoke you out,” explained a classics student 
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aver a bottle of Christ ¢ hurch port. “Most undergraduates 
smalder, happy to slide by; they are quickly passed through 
But every now and then, one bursts into flames. That one 
they Ler LD, 

Dodgson, they kept. He graduated with a first m mathe- 
matics, collected.a graduate degree, and was appointed lec- 
turer im mathematics. Except for vacations of han trips to 
London, he would stay at Christ ¢ 


is prowerse il man who came to dinner, one 


al 
= |b 


c 1 
hurch the rest of his life 





“He was t 
Carroll hobby stsaid. “He stayed and stayed, and for 30 
years mt he best rooms in Christ Church.” 

Crack open the door to hose rooms, Qine's a student 
lounge now — two red couches, anew spaper-stacked table, a 
firepla c with t yclopean eye ofa televiston init. Then, m 
looking-glass fashion, tun back the clock to when Dodgson 
lived here. Toys—a mechanical bat, a windup bear—spill 





Natta nal (ep pranprit j lune fit J 


from cupboards under the bookcase. Music boxes jostle for 
room ona table. Drawers bulge with puzzles and costumes. 

Surely a child would be present, invited to tea. Nothing 
gave Dodgson more pleasure than the shy smile-of a-young 
friend. Here, in the playground of his rooms, he showed his 
child friends drawings of fairies; “You can’t be sure they 
don't really exist,” he'd say, He'd teach them games he 
invented: chess in which knights and bishops come alive and 
discuss the rights of queens, the ownership of castles. And 
circular billiards, played on a round table with no pockets. 
His love for inventing games was exceeded only by his joy 
in playing them. i | 

Remembered one of those child friends: “The truth of the 
matter-ts that he had the heart of a child himself, so when he 
spoke to a child she understood... . because he spoke her 
own language." 

But the empathy of a shared language did not extend to all 
the students he taught. One of his undergraduates recalled 
lectures “dull as ditch water”; another remembered his 
“dry and perfunctory manner,” He was.a wildflower that 
bloomed only in the presence of children. 

In Oxford, | was pleased to observe, Dodgsonian whim 
abounds, Here the Thames is called the Isis (said to be a 
derivative of its old Roman name), and Christ Church oper- 

-ates.on cathedral time. Your watch may say 10a.m., but the 
cathedral deems it 10:05. 

There is an accompanying logic, a member of the House 
(as Christ Church is known) insisted, ‘You see, it takes five 
muinutes for the sun to travel from Greenwich, where world 
time is measured, to Oxford, so it really is 10:05." 

Of course. And there was the Oxford dean who when told 
dogs would no longer be allowed to live at college replied he 
would call his dog “cats.” Dodgson, the mathematician and 
author of Symbolic Logic, understood perfectly. 

Although ordained a deacon at Oxford, Dodgson did not 
go on to take priest's orders. Perhaps his stammer gave him 
second thoughts, or perhaps he could net totally embrace 
church doctrine, 

For one thing, he loved the theater, an unorthodox passion 
fora Church-of England Victorian. Still, he kept an ortho- 
doxy of his own: He refused to allow illustrations for his 
books to be drawn on Sunday. He never, ever swore, and 
once he chastised a cleric for reading the creed too fast. 





=—" HERE IS A ROOM in Christ Church 
that breathes the very presence of Charles 

Lutwidge Dodgson, a room of leather 

books, cool and dark, except in late morning, 
when the sun edges in and turns everything 
— to gold. 

Itis not where he slept or studied but rather the library 
office, where as sub-librarian he glanced through a window 
and saw the young daughters of Dean Henry Liddell playing 
in the garden. They were Edith, Lorina, and Alice —a three 
year-old with bangs and thoughtful eyes. 





Tite Wonderiand of Lewis Carroll 


Gently mocking himself in an 
ink sketch self-parody (facing 
page), Dodgson shows “what 
I look like when I'm lectur- 
ing." As lecturer in mathe- 
matics at Oxford, he created 
the Coame of “Logie” as a 
teaching aid. 

A student at Rughry, the 
top-fier English boarding 
school Dodgson attended, 
evokes his years on the other 
side of the lectern. Studious 
and shy, Dodgson was surely 
bullied. 

He published mere than a 
score of mathematical works, 
But Wonderland is never far 
aunty, says mathematician and 
Carroll enthusiast Edward 
Wakeling. “Alice ts clearly 
the work of a mathematician." 

(The White Queen's quiz: 
“Divide a loaf by a knife— 
what's the answer to that?’’) 
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Special delivery: Dodgson’s 
letters fo clhuldren are mini- 
splendored things of witaed 
whimsy. € Catherine Atkinson, 
whose famil y lives in Dodg- 
son's Yorkshire boyhood 
home, holds a copy of a lerter 
in his “looking-glass" writing. 
Parrots decorate a diminutive 
“fairy letter. "’ Dadgson’s 
stamp case hears a vanishing 
Cheshire Gat, 
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dressed in white under wide-brimmed hats, It's 
® exactly 126 skips from the huge wooden door of the 
mm deanery, where they live, to Dodgson’s rooms 
, across the lawn. Their tight-lipped governess Miss 

Prickett leaves them there. 
Dodgson has traded his usual black suit for 
| white flannels and a straw hat. His blue eves 
sparkic. He carries a picnic basket. 

His friend and fellow don, the Reverend Rob- 
inson Duckworth, joins them as they chat their 
way down to the Isis. At Folly Bridge, Dodg- 
~ sonand Duckworth consult their young crew and 
choose a rowboat. The party heads upstream, 
past swans and moorhens nesting under the wil- 
lows. Laughter floats:over the water. 

But what isa rowboat expedition without 
stories? “Tell us.a story, please, Mr. Dodg- 
son, the girls ask. 







_a Alice was beginning to get very tired of 

sitting by her sister on the bank, and of 
having nothing to do... . when a white rabbit 
with pink eves rare close by her. 


The 30-year-old don pauses. ““That’s.all till next time,” 
he says. “But it i: next time,” they protest. And so he 
continues. . 

The tales tumbled out one after another. Dodgson wove 
them around the children. His heroine was Alice herself. The 
characters included an Eaglet, named for Edith. A Lory (a 
parrot) for Lorina, A Duck for his friend Duckworth. Anda 
Dodo for the stammering Do-do-dodgson himself, 

His storics that day glowed, Afterward, Alice begged him 
to write them out, To please a child he loved, he agreed. 






— WOAND A HALF YEARS LATER, for 
Christmas, 1864, Dodgson gave her a dark 
green leather notebook with the story of 
Alice's Adventures Under Ground written and 
Wlustrated by hand, 

: Prompted by frends, he expanded the tale. 
In 1865 Ntwcinitless pu lished the now renamed Alice’s Adven- 
tures ty Wonderland, with illustratrons by Sit John Fenniel. 
It sald 160,000.copies during Dodgson’ lifetime and pro- 
vided him with such a comfortable income that he asked 
Christ Church to reduce hissalary. 

Ina book-—lined study in her Gloucestershire home, Mary 
Jean St. Clair, Alice Liddell’s granddaughter, recalled: “The 
manuscript he gave my grandmother sat on a small table 
inthe foyer. We never thought ‘treasure, must dust i off," ' 

In 1928 Alice sold the manuscript at auction for 15,400 
pounds ($75,000 LU. S.) te.an American collector, who resold 
it six months later along with other Carroll matenal for 
$150,000, In 1946 ic was auctioned again. 

This time, Librarian of Congress Luther Evans bid with 
funds contributed by American bibliophiles and bought it for 


Netional Geograpinic, June 1907 
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Imagine, a letter barely the size of a postage stamp! Or onc 
in reversed writing, to be read with a mirror. In closing, he 
nughe send a two-millionth part of a kiss, or a flurry of ten 
million kisses. 


p) ETWEEN THE TWO FAMOUS BOOKS ashadow 
"fell across Dodgson's hie. And it concerned 
his love of children. “There is not the slight- 
est hint of j impropricty in any of his friend- 
ships with children,” says the preeminent 
Carrollian scholar Morton Cohen. 
But-was Didioson in love with Alice Liddell? 
“Certainly he was,"’ Professor Cohen said. “But it was 


The Wonderiand of Lewis Carroll 
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| pure, romantic, anc distant love 


Cohen suggests that Dodgson may 
have even asked for Alice’s hand in 
marnage, It would have been a hedged 
query to her parents, such as: “When 
A lice c vol ICL, ACL A 
suitable? 
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standing was. Alice, of upper-class 
stock. WT CLE { be expected Ci THATTy 
well. Mrs: Liddell would never approve a match witha 
shammenng clergyman 

in any case vite | eee intennae quivering with maternal 


Wieiance, detected something unusual. In June 1863 1t seems 

i Zr i ] ' | r 
she banned LD a sor ft Hes deanery, We may never now 
wiry, becaus che pare in \ Dodason's diary for that day has 


heen cut out. Four other volumes are nssineg a5 well 

Then later there was the matter of the nude photographs 
Dodgson phatogr sohedic ‘-hildren in the nude as well as 
clothed. A handful of the nude pictures of girls survive 

His motives were acsthenc, he insisted, rooted in “adeep 
sense of admiration oF form The photography nude 
children was t ypic alls ctonan, a sidebar to the wors one 
¥Wmoral, Dodge 
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sieests: ‘He may have realized he was treading danrerous 
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eround. He was preaching in church, and he felt résmonsibl 


ral weltore of bre students. He knew his art was 
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In the garden of friends ship, 
Dodgson’ s most cherished 
bloom was Alice Liddell, here 
ina photograph he made at 
Christ Church. At Bodys- 
dallen Flall in Wales a door 
opens ona garden, and a iitte 
girl olsappe irs into a Serie) 
day, “Hingering in the poldent 
als sant. 
Charles 


OF such magic 
Lutuidge Dodgson 
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A holiday by the sea was his annual treat. There 5 nothing 
like the b linding whiteness, the sharp, salt air of an English 
peacide resort, 

Por the last 2) summers of his life he took a train down 
to the town of Eastbourne on the southeast coastiand scttled 
into rented rooms. 

Even now, a century later, he would find the familiar: sea- 
front hotels with wedding-cake facades, the promenade filled 
with strolling families, a pare boat that puffs past floury 
chalk cliffs, and children on th ¢ shingic d beach 

In the golden hour of an afternoon's end, | watched a child 

of three play on a shore bared by retreating tide. She stamped 
her foot m the sand to mark it as her own, then, with a laugh 
like a tiny bell, watched a wave erase imprimatur. 

Dodgson would have been pleased. Eastbourne rang with 
the high, sweet voices of children. Armed with a bag 
filled with ames to vanquish boredom, he went forth, 

a knight of the nursery 

(Children were atomic, he said. “They are 
three-fourths of my lite. | cannot under 
stand how anyone could be bored by little 
children.” And with them, he didn't 
stutter: 

And how could any child be bored by 
Mr, Dodgson? Once when a child walked 
by, sopping wet from having fallen inte the 
sea, he tore off a bit of blotting paper to ask 
“May | offer you this to blot yourself up?” 

He cherished their mnocence. ‘And tiey, 
sensing sincerity, responded im kind. 

Perhaps the key to Dodgson's soul can 
he found in a letter he wrote his dear 
friend, actress Ellen Terry: “One of the 
deep secrets of Life... . [1s] that all that 
15 ‘ally worth the dang, 1s what we do 

















for offers 

That was the core of his beltet 

Yer his psyche remains elusive. Just when 
you think you've pinned him down, hes up 
ind gone; there's nothing left but a grin as 
wide as the Charnes 

Hut wait, there 5 A dream 
of abook. An absurd, delicious joke. 
A ont of love tor 4 lertle gurl with dark. 
thoughttul eves 

[rn bookine passage down the rabbit hole, or ATL Peli 
in tat geography ot the Lu D4 EET iCitTi. be “St DO acc om p any 

child. Children know to follow t het hearts. We forget 

Charles Lutwidge Dodgson never forgot, In a sense, 
he never prew up, As he might have sa aid he preferred 
hy down, 
He died ot pneumonia at 65, in the house im Guildtord, 
rricd sisters lived. [he doctor, 
descending the staircase to break the news, gently said: 
“How wonderfully young your brother looks!” J 
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THE CACTUS 
CONNECTION 


Text and photographs by 


MERLIN D. TUTTLE 





F one bat in mid-approach (below). Up to its ears, the ravenous 
forager laps up nectar in the bottom of a flower (right). When the 
bat withdraws (far right), its bead is covered with pollen, which is 
transferred to other flowers as the bat makes its rounds. 

The saguaro is not totally bat dependent. Unlike the flowers of 
the organ-pipe and cardon cactuses, which open at dusk and close 
by midmorning, the blossoms of the saguaro open well after dark 
and remain open through much of the following day, attracting 
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URVIVAL PRESSURE RISES in June, when 
the Sonoran Desert is at its criest and 
interdependence, always a necessity, 

becomes critical. A relationship that benefits 

both parties—like the nocturnal meeting of bat 
and cactus —is an example of mutunslism. 

Many other animals, including dav creatures, 

rely on the cactuses for food and shelter 

By night, atfar left, flowers of the carden 

And OTFan- pipe cactuses—the species most 

depenclerit nT hats fot pollination Open Ww ele 
sinall mammals and birds seek fruit or shelter 

among the spines or in nest holes carved out by 
woodpeckers. Towering as high 
as 50 feet, sarunro coctuses 
offera nectar feastat night and 
for much of the day. Hats, birds, 

BITC INSects fin Precious mos- 

ture a5 well as energy from the 

sugary quid. Mammals such as 
antelope ground squirrels, foxes, 
and ringtails also feed on Fritts 
Human interference can disrupt these natu 
rol associations. Our studies at Bahia Kino 
showed that carcdon and orpan-pipe cactuses 
art not producing as much fruil as they could 

The shortfall is apparently due to the displace 

ment of many hats, chased from their caves by 

Willagers, to the offshore island of Tiburdn 

(map, below) While same bats do make the 

nightly round-trip to visit mainiand cactuses, 

many flowers fo unvisited. The long-term 
effects are not yet clear, There is concern that 
some of these plants, which live for centuries, 
may be yielding fewer seeds than necessary to 
ensure their replacement 
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between a bat"s probing head and the flower of 
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Like most flowering plants, many cardons 
are bisexual, producing blossoms with both 
pollen—the male function —and female ovuli 
But as re centiy ciscovered by Ted Flemine 


Me CAarcdon Miants are all-male pProdicme 
lowers with pollen but ne ovules, while others 
are all-female, with ovules but no pollen. Thi 
male and lemae plants wie with bisexual car 
dons tor reproductive dominance —a vers 
unieual form of competition 

The cactus needs all its options to ensu 


long-term survival, and the bats help to main 
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THE PRESIDENT’S REPORT ON THE 


Education Foundation 


An Excellent Report Card 
for Geography Teachers 


She poo! news is coming in 
from all over the United 


States: Geography is making 
a comehack. 

David Geyer, geography teacher 
at Penn High School in Mishawaka, 
Indiana, tells us that during the past 
bwo years, enrollment in geography 
classes. at his school has pumped 
from 60.to 350 students, 

“We had to add 14 classes to meet 
the demand,” says David, a 1985 
graduate of the Society's Summer 
Geography Institute. 

In Colorado Springs, Colorado. 
social studies coordinator Kathryn 
Lapp reports that the number of 
world geography classes being 
offered ta high school seniors has 
rocketed from 5 to 24. 

Schools in Frederick 
County, Miirviand, 
this fall will offer 
pragraiphy os a sepa- 
rite course for the 
first time in 20 years, 
avs Son Bennett, 4 
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geography professor at the Univer- 
aity of Marviand, Baltimore County. 
A great deal of credit for this 
renaissance belongs to the Geo- 
graphic Alliance Network, a collec: 
tion of grass roots organizaticns 
bringing together academic Boogra- 
phers, teachers from many disci- 
plines, and others dedicated to 
IMIproving geography instruction, 
These extraordinary volunteer 
educators have responded to the 
alliance initiated by the National 
Goographic Society, Naw active in 
40 states and Puerto Rico, alliances 
sponsor geography workshops tor 
teachers, develop classroom maten- 
als, Idad public-awireness activities, 
ond work with local. state, and 
national leaders to refonm curmcula. 
Training programs have reached 
tens of thousanes of teachers. “It 
has changed my professional life, 
my department's activities, and the 
teaching methods of many teach- 
ers, says Michael Libbec, & gengra- 
poy professor at Central Michigan 
University and @ coordinator of the 
Michigan Geographic Allianec, 
Patricia Hardy, a high school 


teacher and member ol the Texas 
Athance, has been appointed to the 
state's Educational Eeonomuc Policy 
Committee, whose soal 6 to estab. 
lish an Education Policy Center. She 
is inan excellent position to apply 
the advermy skills che learned uw 
the National Creographic Instruc- | 
tional Leadership Institute in 1489 
Bepun in 1086 with-seven alli- 
ances in six states, the network now 
howsts an active membership of 
come 63,000 peaple—all working 
together to show that geography ts 
an important teal for pesponsittle 
citizenship, environmental eware- 
ness, and political understaniting 
We ut the Society have always 
believed that teachers are the key 
to revilulizing geography, and our 
support for them has been richly 
rewarded. We will cuntinue to assist 
the whuances.as they keep growing, 
but they must also have the con- 
tinued support of members and 
friends. The return to our nathin is 
certainly worth the investment. 





States faking part in the Geographic Aligace Nemmork 
are shown in red. The latest additions are lowe, 
Kansai, Nevada, North Dakota, Rhode Istana, and 
Wyoming, along with Puerto Rico. Can sow locate them? 
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Russia on a New Course 
[nthe February 1991 article about Mother Russia, 
Mike Edwards hit the nail on the head when he told 
that the Solovetskiy Monastery is “Russia in a cap 
sule.” In the yard is u church bell used on the island 
of Manamansalo in Finland's Lake Gulujaire alew 
hundred years ago. The Russians “borrowed” it, 
slong with some pieces of Finland later on. Since 
the bell fies unused, how about returning it and 
building a new church together? We could find the 
timber, nails, and paint, if the Russians would pro- 
vide the bell and a few carpenters. Then we would 
believe that Russia is ona new course, 
Risto ©. MAJANIEMI 
Auduna, Findon 


You refer to Lenin as Viadimir [hyich Lenin, I do 
not dispute that thot is how the first secretary 
general of the Soviet Union is best known, but his 
sumaume it Ulvanov. He acquired the sobriquet 
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Lenin due to his lengthy period of incarceration in 
a fortress located on the Lena River. 

Grn Sovza-Leme 

St, Catharines, Ontario 


Inthe photograph of teens in Volgograd (page 35), 

one's amazement that a $12 squvenir T-shirt from 

the Clam Hut in Highlands, New Jersey, could be 

considered chic in Volgoprad ts surpassed only by 
wonderment about how it got there. 

ALFRED J. Weiss 

Dunellen, New Jersey 


Three Russians from Volgograd ona Bridges for 
Peace program visited the Clam Hut last year. 


It may be deduced from the ribbons worn by the 
irate Russian tank colonel (pages 3-4) that he 
served ut least 30 years in the Red Army, holds 
three gallantry decorations, and took part in the 
batthes for Komgsberg and Berlin in World War Il. 
While his bellicose attitude toward Russian hber- 
als may be regrettable, it is understandable. 
FaMonns O'TOOLE 
Limerick, frelund 
The Time Tapestry (pages 5-8) should have includ- 
ed thar between 1914 and 1915 Russia was totally 
involved in Work! War 1. Through the peace treaty 
of Bresi-Litovsk it lost not only Polish lermtornes 
and the Baltic provinces but also Finland and 
Ukraine. The events were cataclysmic for Russia; 
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they contributed to the end of the tears, to the 
civil war, ond tothe begmning of the Soviet system. 
Tind AHRENS 

Stone Mountain, Georgia 


California's Central Valley 

“Harvest of Change” suggests that the California 
Department of Health Services does not belicve 
that child cancer rates are clevated in McFarland. 
In fact since 1965 CDHS has recognized that 
child cancer cluster exists there. What we reported 
ot the May 16, 1990, mecting was that overall 
child cancer rates in the four counties surrounding 
McFariand were not unusual when compared with 
rates elsewhere in the Linited States. Urban non- 
aericultunal areas had the highest rates, while moral 
nonagricultural areas bad the lowest, Unfortu- 
nately, itis very difficult to find causes of cancer, 
especially when the absolute number of cases is 

low and there is no obvious contaminant. 
Liss R. Goromas, M_D, 
Department of Health Services 
Berkeley, Caliiornia 


The comparison ofa “natural” farm toa “stenle,~ 
chemically dependent one is misleading, As an 
eastern fruit grower, | have long used pesticides 

During the growing season there are birds nesting 
in the trees and bees and butterflies visiting the 
wildflowers on the orchard floor. Many chemical 
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pesticides are specific to the target pest and break 
down quickly. [t is a mistake to assume that all 
Man-made chemicals are harmful to the environ. 
ment and all organic.or “natural,” ones are safe. 
Dana M. SULEN 

Fitchburg, Massachusetts 


A kev to the development of California—water— 
was not presented with the correct impartiality. It 
Is disappointing that you did not speak with more 
farmers, Water can-cost a mere $3.50 an acre-foot 
but is often 10 te 30 times that amount. Likewise 
there isn't a single farmer who wishes that if not 
rain; he hopes forevery drop he can get. Before the 
Central Valley Project the valley was inhospitable 
and unproductive. The desert and swamps were 
transformed into productive agricultural land at a 
cost bome not by U.S. taxpayers but by farmers 
and communities in the area that put up their own 
farmland as collateral for this project. 
Mage W, Coo. 
Bakersfield, California 
Hive inthe Sierra Nevada, where water is collected 
for use by farmers in the Central Valley, With 
cheap, subsidized federal water they grow tropical 
fruits and high-water-use crops such as, of all 
things, rite. In the meantime, my family is 
required to cut buck on our water consumption by 
40 percent, Our two county reservoirs will run cut 
of water about mid-May, while there ts still water 
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3. Supports the U.S. Olympic Team. 


only can you feel confident about the cheques you 


(n the face of it, Visa Travelers Cheques 
carry, you'll also have helped our Olympic athletes 


and the travelers cheques from American Express 





appear to be the same. | in their bid for victory in “92. 

But the reality is, wheneveryoubuy ~ = WfsS4 So now that you see these travelers 
Visa Travelers Cheques, we'll make a sz _ cheques for what they really are, your choice 
donation to the US. Olympic Team: So not ‘somowst semen should be clear 
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available in federal reservoirs for growing rice in 
the desert. Whatis wrong with this picture’? 
Wayee E. CHRISTENSEN 
Sonora, California 
Since we received Mr, Christensen ’s fetter, the crise 
haw been allewiated, Snowmell froit te mowAahiins 
how filled phe two COunry Feservonrs, 
Surma of Ethiopia 
This superb piece showed the incredible pride that 
the Surma people rightfully feel about thetr ethnic: 
itv. It highlighted the unique customs. without 
making the Surma seem bizare or inferior, 
Laura L. Minit 
Ellicott Citv, Afarvianel 


Are we supposed to ailimire this culture that so ter- 

nbly mutilutes its women’? Are any of the men so 
deliberately deformed? This is 1991, not P89] 

Warttory OD. Haat 

Vew York, New York 


The use of lip plates Whs QUuIile Common among 
women in the east-central African interior during 
the 19th eentury, People of northem Mozambique 
explained that the disfigurement caused by the 
plates made their women unappealing to slave 
traders from the Indian Ocean coast. The fict that 
ise of the plates ceased in east-central Afnica after 
the slave trade ended gives substantial credence 
to this explanation, By extension, if taises the 
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question as to the duration of the slave trade in the 
southern Ethioman ares. 

Leroy V Air 

History Department, Harvard Universin 

Canbridge, Moxsuchusetts 


Hong Kong 
It is wbour time that people realize the terror that 
Hong Kong people will face in 1997, As a Hong 
Kong citizen, | am happy to knew that whatever 
may happen when China takes control, memories 
of thisdazzling crty wall still exist in this issue. 
Vincent Tam 
fevine, California 


An impression was left thai may dissuade people 
from visiting the crown colony on the basis of 
expense: $1000 for three days, as suggested by a 
moncy changer, We recently spent ten days in 
Hong Kong: our hotel was 550 (Canadian) per 
night per person. Allowing $5 for meals permits 
eating in reasonably good establishments. The 
marvelous transportation network and Star Ferry 
are inexpensive. We recommend the practical bro 
chures from the Hong Kong Tourist Associanon. 

KES WooLLeY 


Scearbercuih, Cinta 





Britain does nor havea lease on all of Hong Kone 
Inthe Convention of Peking in 1898 the New Term- 
tones from the Chima border to Boundary Street in 
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lf anwbody should ask, go ahead and show the 


yur pride and jov. The Civ 


Rowlion was leased. The remaining parts of Row- 
loon, the harbor, ind Hong Kong Island were 
ceded to Great Britain. 

Most Hong Kong Chinese | know would greet 
the figure of 311 50} per capita moome with open: 
mouthed awe, It is inflated by individuals wha 
have millions of dollarsin income, [think a median 
mcume of 4000) to $3, 0might be closer, 

One hopes the new owners will be sensitive to 
the needs of these fine, hardworking people 

Ropent Foy 
Aarkliund, Wayhingion 
Middle East Map 
lama. §. Marne currently [February] stationed 
mor the Eeorit lites ti Operation Desert Storm. M4 
squadron mates and | especially enpoved the Mid- 
dle East map, which we used asa training aid 
Sar. Jager USN Wwin 
Pret! San Francouce, California 
The hostilities were only five days old when your 
maparnvec. It recalls the carly daysof World War 
ll when we had a Natosar GhoGRaPHi Tap cf 
the Asian-Pacific area, one of the best available at 
the time. 


RENNETH RIVOIRE 

Pawling, New York 

About 200 miles north of Jiddah, Saudi Arabia, 
you show the ald Arab seaport of Yanbu al Bahr, 
but not the modem town of Yonbu as Sinnivah, six 





miles to the southeast. Extencing 15 miles along 
the Red Sea coastline, its off refineries, petro- 
chemical complexes, industrial plants, and a stra- 
Legic port facility support a residential community 
25 0). [tis here that the temmmals of the crode 
oildind gas pipelines are located. rather than within 
the Yanbu al Bahr ares, a5 shown 
Anam §. BegestyNsnl 
Capuna Beach, California 
ltmevident thatthe population figures vou quoted 
for Saudi Arabi, Kuwait, and the other Gulf 
States were furnished by the povernments con- 
cemed. Be aware that those figures include an 
often substantial foreign work force, 
AAR AL A MI 
Pompigny. Switzerland 
Phank you for your continwed support of the edu: 
Cahon system and the professionals who strive to 
make i successful, Yourinsernt map has been purta 
use to answer questions, allay fears, and wssist in 
the whiting of current events/research projects. 
DonoTny KELLinoTos 
Public Sohoel / 3, Queens 
Glendale, Wew York 
Letters thould be addnmased to Forti, Natiortal 
Corcgrapiic Mogarine, Bor 37448, Washingron, 2. Cc. 
A003; and aloe include sender's address snd 
iepAorie tuber. Mot atl terer con be ated, There 
fe are will often fe edited and cucermed 
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Ask one of the 3 million Americans 
who've survived cancer, if the money 
spent on research 1s worth It. 


We are winning. 


| Please support the 
<? AMERICAN CANCER SOCIETY * 


Ths space controled 28 6 public sence 

















A National Sanctuary 
for the Florida Keys 

he future of Flonda’s mper- 

Ned coral reefs (Naricns| 

CeocRArHiC, July YOU) may 
be brighter with the createon of the 
nation's larteat manne sanctuary, 

The Flonda Revs Sanonal Ma- 

nine sanctoiry has been designed 
to protect the reefs as well as 7,600) 
square nuuticn! miles of water 
embracing both aides of the rdaned 
chain. The preserve includes the 
existing AY Largo nnd Looe Key 
federal sanctuaines and John Penne- 
kamp Coral Reef State Park 


Established by Congress last fol. 


the sanctuary i off-himits bo ocest 
tankers and other! ited Vessels Anu 
cannot he mined for seabed mmer- 
Oils. These measures will help im 
prove the water quality mnie aid the 
sry of cord reels and manne 
wildlife. Equally toportant, the las 
calls fora rewiew of land-based pal- 
lution, such a septic tank discharge 
The National Oceanic ond Atmo 
spharc Administration ia to dewise a 
management olan forthe sanctuary 
by May 1903, with help from the 
Eovironimental Protection Agency 
and the state of Florida, Workshops 
Demin tris eownth: will solicit 
pubic comment. Tintthy RK. E 
Keeney, the former NOAA official 
who helped pian the federal effisrt. 
Calls it a chance “to get a handle on 


the health” of the marine environ 
ment aod preserve it. Ball Mott of 
thie Center for VMlanne Conservi- 
Hon, ational caviroumental 
Broup, berms the law a “turnim_ 
point” because it allows an attack 
on land-based pollution but empha- 
ames it Will take millions of dollars 
In run the sanctuary'’s research, edu 


CHT, ano Cnlnrenen RT CPST aes 


Soldiers as Artists: 
World War I] Murals 


Here ore scantily clad women, 
and kriehts atid minstrels, 
Dhére are orcus clowns and 
4-17 bombers, menmaids ancl siail- 
On. nnd a warning over a door that 
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reads: " Abandor hope, il ve whe 
enter here.” 

Members of the U.S. Eighth 
Army Aur Foroe stationed in 
Eneliri between 1947 and 1944 
(ipnoreariic, March 19445) left their 
mirk on the walls of barracks ond 
otfieers’ and enlisted men's clubs al 
more than 120) hastily constructed 
mirticlds in East Anglia. Between 
homing runs and dogfights with 
German fighters, they painted 
then drcams and ther mghtmares., 
The murals offer insight mto the 
THs of Amerncan men at wor far 
Treen cee 

Daye Lande of Appleton, Wis: 
oonésim, cared of the artwork as he 
researched a book on the Eighth Ais 
Force, the first air combat unit to 
amive in forse in the European the- 
ater. By the end of World War I] 
the Eighth deplowed 200,000) mit 
men) more than S08) (0) hal passed 
Thuncecith it. 

Many of the buildings the ain 
decorated have crumbled or have 
been torn dwn, Buta SLinprisi ns 
numer remain almost half a cen 
Tey ites 

“There are 10 praffiti on the 
paintings, which amazed me,” 
Little save, Bntons have soch affee- 
ticen forthe art that o @roup called 
the Frehth War Art Conservation 
Socely preserves whole sections af 
puuntied walls trom Quildings they 
lenrn lire to he raved 
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Luxury Cast-offs for 
Mount Vernon Slaves? 


he chet 
Hieoree Washington & 
VETO Wis SUrpMStd as bee 
stuchied the artifacts he and hw team 
had a Alera ot We TiTEE ee 
found would expect to find around 
t planters 4 


ITChacoer ret ot 
Mount 


ue Hip 


nevis he sacl 

Powe atid ft team 
had been excavating 3 
steuare trash-tilled cellar beneath the 


But Dennis J 
4a-tocH- 
quarters af the bowse slaves it 
a Ashington = Inn Manon 


They were stil) victinis of a dcho 


TTI ES ee Pies says. 
gualitw ot the ceramic 
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sherds -— including som 
lL hincss porelamn—~anil the Dcek- 


les, buttons. Sof phass- 
esd withe bottles sugpeest that 
these shave ved fetter, 1 a mate- 
than might be expected 
More eviderice comes from the 
onimal bones found in the slaves 
trash. Tt suggests they could trap 
fah, even hunt to ave themselves a 


better, more diverse ciet than most 


nn iragmen 


is. ae 4 
fal] Bene 


slaves are believed to have received 
Phe §0 of co slaves who lived in 
these quarters o few hurarod var: 
from the muuision were weavers and 
(nner, house servants and Piack- 
Smuts Wheth ‘i gla who toiled if 
Wishineton's outhving tobacce 
hiclcds tived ns well & not known 


i baw Pea lice 2 fi a a 


44 for the eeranvecs, Powe thinks 
that Goorge and Martha Washing- 
Lon passed them on when they be- 
came chipped, cracked, ar merels 


untashionadile 


U.S. Tick Collection 
Finds a Sew Home 


he L/S. fOVEMMent has 

coved the problem af whe 

thould pay for the upkeep on 
i million dead ticks by sending them 
lo Greorgi: 

The National lnstitutes of Heulth 
has shipped the National Tick Cal- 
lection to Georgia Souther Liniver- 

ro with a five-wed 
million-dollar grant to manntain wl 
The Sinithsanian hod held the col 
lection smoc 1983 bot could mo bon- 
gor store it. Curntor James Acirans 
(below), whe accompanied the col 
Lecthan to Geongia, 6 one of the 


world’s tap experts in identiving 


eitw int Stutesh 
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Viliona: Georraptic, 


— 


ticks, Which carry such infectious 
diseases as Rocky Mountain 
tPAOTE cl lever arc | me discase 
(Gaocranic, January 1991). The 
university will support the collection 
when the grintexpires 

The collactian— by far the world's 
largest. with specimens from (Ox) i 
the ASC known specpes 
teal im determining if a tek could be 
carrying disease. “im talking about 
in animal that can transmit diseases 
(hatcan «all yo,” Lr Kc Tris save 
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Unexpected Study Yields 
Data on Mystery Cat 


T arren Johnson and William 
Fronkiin dein t plan to 

study the habits of the 
Geottroy's cat. Hut when several of 


ChOTUEeE 1S 





wich 


the elusive felines were 
the lows State University scientists 
tracked Putugonim poms (4aeo- 
caArM@c, January [901)—well, save 
1OhnStn,  LWwe nove eet i 
nme ta throw away the data 

Geoffroy's cot. named for French 
naturalist Geoffrov St. Hilaire. a 
spotted teline shout two fect hong 
found from southern Brazil ond 
Bolivia to the 
trp of South 
Amenici. its 
pelt has boen 
ihe world's 
moat comment 
traded eat pelt 
Arrentitii 
lone eiqportecd 
some 451) 000) 
aims from (7h 
to [9SO At 
geste its 
famiarity to 
los toppers, 
Hien: knew 
nRathing Of the . 
cuts DE HAVO wif 

Johnson, Franklin, and their team 
captured nine cats, tited them with 
clr toes ond radia collar 
them free. They found that the cate. 
einectally males. are generally 
loners; that they roanurens with 
dense veeetation at night: und that 
their prime prev are iE! 
hares, especially durine the spring 
ind summer, hen the farce pre 


dice their vieuing 
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Treat a fnend to countless fascmations every month with a gift 
membership in the National Geographic Society, You can be 
sure your frmend will thank you far sharing the wonde ru of 
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If Today Is Tuesday, 
Where Is New Mexico? 


wonder New Mespecrs 
' license tags mow say 
“New Mexjco, U.S.A." 


New Meco became o United 
States territory in 1444, a state in 
[912 But many people seem to 
have trouble understanding that and 

| misplace it. usually south of the bar- 
der in What might be calhed ld 
Mexico, Since 1070) Mew Mexrea 
Magasine — published by the state’s 
tourism department —has collected 
tales of confusiom in a good-natured 
column called “Ome of Chor Fifty is 
Missing.” Examples: 

“Hi it’s Fnday in Texas, will it be 
Friday in New Mexico?” a Texan 
asked. A Santa Fe woman was told 
that Medicare did not cover services 
outside the U.S. An Indiana church 
camp flew flags of 30) nations where 


Social-(Climbing Moms 
in the Monkey World 


® onkeys are physical climb- 
ers. And, it seems, they 
| are social chiimbers Loc. 


Primatologist Frans B. M. ibe 
Waal was studying female rhesus 
monkeys at the Wisconsin Regional 
Pomate Center i Madison when 
he nithiced un unusual anal pre- 
viously undocumented pattern of 
behovier: A monkey mother hold- 
ing ber infant would pick up-and 
also bold a wandering second infant 
for periods ranging from a few see: 
onds to ten minutes in length 

De Waal began to comptle statis- 
tro.on the frequency of what he 
culls “dowble-holds” and now 
beheves that the mother was trving 
to chooke her baby's frends. In 
more than “Al percent of the cases 
the mother would pick up an infant 
from a family that ranked higher 
[han hers in the monkey group 6 
aicial structure. 

“We believe that the purpose is ti 
try to-see their offspring play with 


SLs et He CHM RAPHIC A may, oo 
que to Bors Wreantrogh, SATMIMAL 
GEAPRIC, Boa JT337, Washington, 
D.C. 2O0G6: one choad wicludé the 
Lenders actress ine! telephone mumbher. 





the church had missionarnes —ond 
included New Mexico's among 
them. A New Mexico natrve wits 
told by a Calformin woman, “You 
spewk English so well!” An Tlinots 
woman called an airline about Albu- 
queue fight information une wis 
connected to the mtematonal desk. 
A Midwest school sent a Sew 


rib a. w 


To wbbe 


peers from high-runking families 
rather than low-ranking ones,” de 
Waal save. And the sense of pur- 
pose ts strong: In several cases, de 
Waal and his researchers sw a 
mother spot an mlant from a higher: 
ranking femily, mesh off te pick op 
her own infant, then dash back to 
pick up the other for a double-hold. 

“It's an interesting human paral- 
lel.” de Waal motes drily, He plains 
to keep an eve on the monkey as 
thev miature to see if the bonds of 
fhendship endure 
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Aickico stident o form to “expedite 
vourentry into the United States,” 

Emily Drabunski, the magazine's 
editor in chief, says the column is 2 
reader favorite. She has her own 
tle: A: Son Francuceo cab driver 
who leamed she was from lend- 
locked New Mexico recently told 
her, “The beaches are bovely there.” 


Examining 5() Years 
of Spanish Presence 


fl mice the ime California was 
“™, ceded to the United States, a 


punch hit essied on Sania 
Rosa island, one of the Channel 
[slanihs off Sante Birburn (Cre 
GRArHiC, Awpust 1958). Next sum 
mer, visitors to the island—now part 
of Chunnel Islands National Park — 
will have o chance to see the descen- 
dants of Spanish settlers, Mexican 
cowboys called vagueros, herd cat- 
tle, shoe horses, and ve the trach- 
bonal vaquero life, 

The Leland Vaquero Festival will 
be-one of many ways the Nationa! 
Park Service will mark the 500th an- 
mversary Of the acrival of the Span- 
shin the New World, The Park 
Service hus named 38 of its parks, 
histone sites, Monuments, and me- 
moriak Spanish Colonial Heritage 
Sates and hast asked each to prepare 
programs that focus on the cultural 
exchanee between Spaniards and 
Native Amencatt. The sites ranpe 
from Alaska’s Sitka National His- 
torical Park, an area explored by a 
Spanish expedition in 1775, to De 
Soto National Memonial in Tampa 
Bay, Florala, where the explorer is 
believed to have landed tn 1539. 
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ILDLIFE AS CANON SEES IT 


MANED SLOTH RANGE 








Maned Sloth 


Gans: Arocypus 


Speeches: forcucdti 
Pucalt sae: Laenegtl 
iors, Ex! cm 
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Actaalt wring tis 3! 
Habitat: Atlantic coastal 
fess  eiearn Prari 
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NATURE 
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The maned sloth moves with slow deliberation through the upper 


rainforest canopy. But despite its slowness, the sioth 1s remarkably 


are 
Lite 


ramidly gives 


Hookhke claws anchor while strong limbs 


flexible 


for the maned sloth is in danger 


amie, its position, 


joints afford it great maneuverability in the treetops. 


a¢ its torest home 





and development. To save end: 





way to logging ngered species, it 


is essential to protect their habitats and understand the vital role 


of each species within the earth's 


ecosystems. Photography, both as 


q ementific research tool and as a 


Means OF COMMLUNICARON, Can help 
Promote @ Prealer awareness aril 


understanding of the maned sloth 





and our entire wildiitte heritage. lacnic 
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Nuclear-generated electricity saves more oil each day 
than we used to import from iraq and Kuwait. 
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Nabs Poisonous Protector 
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Heartwise didnt settle for just one opinion. 
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